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REVISIONS AND CORRECTIONS

AREA Proceedings, Volume 46 (1945)

Changes in the text for correction of typographical errors, and to take account of

revisions, deletions and additions requested by committees.

Page 86, second line of text, change "1943" to "1944."

Page 198, paragraph 2, change "Figs. 201 to 233" to "Figs. 204 to 234" in eighth and

tenth lines of text.

Page 470, under Specifications, first line, change first word from "Tests" to "Ties."

Page 471, under Inspection, change last line to "as provided in AREA Marking Ties to

Indicate Size Acceptance."

Page 471, next to last line on page, change "external" to "internal."

Page 472, change last line under Machining to "shall be done as provided in AREA
Specifications for Machining Cross Ties."

Page 472, sixth paragraph, ninth line, last sentence should be paragraphed. Same page,

paragraph seven, fifth line, add the second paragraph from page 473, and enclose in

parenthesis the words "and treated."

Page 473, under Preservation, fifth paragraph, fourth line, delete the comma after

"decay" and delete also the words "is prevented" in same line. In the seventh line,

substitute "has" for the first "had."

Page 474, final text line under Distribution, delete "flat."

Page 475, paragraph three, line two, change "base" to "basal." Under Renewals, second

line, delete the comma after "railroads."

Page 525, paragraph 1, insert "manganese" before "crossing" in first line of text.

Page 609, fifth column, change 221 to 17 opposite D&RGW and Total; in the last two

columns, change 221 and 302, to 17 and 6; 279 and 304, to 75 and 8.

Page 610, under heading IM Control Cooled Rail Only, opposite the word Colorado,

change all figures now shown to the following: 3; 4; 4; 0; 0; 11; 68; 16.18.

Opposite the words All Mills, change all figures to the following: 3; 5; 4**; 6; 0;

18; 75; 437; 4.12. Opposite the words Failures per 100 Tr. Mi. Yrs., change the

figures to read: 0.00; 0.69; 1.14; 0.92; 1.37; 0; 4.12. Change footnote ** to read:

Broken includes 2 reported transverse fissures, etc.

Page 766, in Table 2, change first line to read: "Transverse fissures from porosity."
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American Railway Engineering

Association

CONSTITUTION
Revised to October 19, 1943

Article I

Name, Object and Location
1. Name

The name of this Association shall be the AMERICAN RAILWAY ENGINEERING
ASSOCIATION.

2. Object

The object of the Association shall be the advancement of knowledge pertaining

to the scientific and economic location, construction, operation and maintenance of

railways.

3. Means to be Used
The means to be used for this purpose shall be:

(a) The investigation of matters pertaining to the object of the Association

through Standing and Special Committees.

(b) Meetings for discussion of reports and papers. '

(c) The pubHcation of papers, reports and discussions.

-

4. Conclusions

The conclusions reached shall be recommendatory.

5. Location

The o£Bce of the Association «hall be located in Chicago, Illinois.

Article II

Membership

1. Classes

The membership of this Association shall be divided into five classes: Members,

Life Members, Honorary Members, Associates and Junior Members.

.2. Qualifications

A. General

(a) An applicant to be eligible for membership in any class other than that of

Junior Member shall be not less than twenty-five (25) years of age.

(b) To be eligible for election to or retention of membership as a Member or an

Associate, a person shall not be engaged directly and primarily in the sale to railways

of appliances, supplies, patents or patented services.

B. Member

A Member shall be:

(a) An Engineer or Officer in the service or on the retired list of a railway cor-

poration who has had not less than five (3) years' of experience in the location, con-

struction, operation or maintenance of railways.

Graduation in engineering from a school of recognized standing shall be considered

as equivalent to three (3) years of active practice, and the satisfactory completion of
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each year of worlc in such school, without graduation, shall be considered as equivalent

to one-half year of active practice.

(b) A Professor of Engineering in a university or college of recognized standing.

(c) An Engineer or Member of a public board or commission who in the discharge

of his regular duties deals with railway problems.

(d) An Engineering Editor of a magazine which deals primarily with railway

matters.

C. Life Member

A Life Member shall be a Member who has paid dues for thirty-five (35) years, or

who has been retired under a recognized retirement practice and has paid dues for not

less than twenty-five (25) years.

D. Honorary Member

(a) An Honorary Member shall be a person of acknowledged eminence in railway

engineering or management.

(b) The number of Honorary Members shall be limited to ten (10).

E. Associate

An Associate shall be:

(a) An Engineer of a railway which is essentially an adjunct of an industry or

which is used primarily to transport the products and materials of an industry to and

from a railway which is a common carrier.

(b) A person qualified by training and experience to co-operate with Members

in the object of this Association but who is not qualified to become a Member.

F. Junior Member

(a) A Junior Member shall be not less than twenty-one (21) years of age and

shall be an engineering employee of a railway corporation who has had not less than

three (3) years of experience in the location, construction, operation or maintenance of

railways.

Graduation in engineering from a school of recognized standing shall be considered

as equivalent to three (3) years of active practice, and the satisfactory completion of

each year of work in such school without graduation, shall be considered as equivalent

to one-half year of active practice.

(b) His membership in this Association shall terminate at the end of the calendar

year in which he becomes thirty (30) years of age.

(c) He may make application for membership other than as a Junior Member at

any time when he becomes eligible to do so.

3. Transfers

The Board of Direction shall transfer from one class of membership to another,

or may remove from membership any person whose qualifications so change as to

warrant such action.

4. Rights

(a) Members and Life Members shall have all the rights and privileges of the

Association.

(b) Honorary Members shall have all the rights and privileges of the Association

except those of holding elective office, provided, however, that Members or Life Members
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who are elected Honorary Members shall retain all the rights and privileges of the

Association.

(c) Associates and Junior Members shall have all the rights and privileges of the

Association, except those of voting and holding elective office.

Article III

Admission, Resignation, Expulsion and Reinstatement

1. Charter Membership

The Charter Membership of this Association consists of all persons elected to mem-
bership before March 15th, 1900.

2. Application for Membership
(a) A person desirous of membership in this Association shall make application

upon the form provided by the Board of Direction. In the event that Junior Membership

is desired, the application shall so state.

(b) The applicant shall give the names of at least three Members of this Asso-

ciation to whom personally known. Each of such Members shall be requested by the

Secretary of the Association to certify to a personal knowledge of the applicant with an

opinion of the applicant's fitness or otherwise for membership.

(c) If an applicant is not personally known to three Members of this Association,

the names of at least three well known persons engaged in railway or allied professional

work to whom personally known shall be given instead. Each of such persons shall be

requested by the Secretary of the Association to certify to a personal knowledge of the

applicant with an opinion of the applicant's fitness or otherwise for membership.

(d) No further action shall be taken upon the application until replies have been

received from at least three of the persons named by the applicant as references.

3. Election to Membership
(a) Upon completion of the application in accordance with Section 2 of this Article

the Board of Direction through its Membership Committee shall consider the application

and make such investigation as it may consider desirable or necessary.

(b) Upon completion of such consideration and investigation, each member of the

Board of Direction shall be supplied with all the information obtained, together with the

recommendation of the Membership Committee as to the class of membership, if any,

to which the applicant is eligible and the admission of the applicant shall be canvassed by

letter ballot among the members of the Board of Direction.

(c) In the event that an application has been made under the provisions of Section 2,

Paragraphs (a) and (b) of this Article, a two-thirds affirmative vote of the entire Board

of Direction shall be required for election.

(d) In the event that an application has been made under the provisions of Section 2,

Paragraphs (a) and (c) of this Article, a unanimous affirmative vote of the entire Board

of Direction shall be required for election.

4. Subscription to the Constitution

A person elected to membership in this Association shall subscribe to its Constitution

on the form prescribed by the Board of Direction. If this provision has not been com-
plied with within six months of notice of election the election shall be considered null

and void.

5. Honorary Member
A proposal for Honorary Membership shall be endorsed by ten or more Members of

the Association and a copy furnished each member of the Board of Direction. The
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nominee shall be declared an Honorary Member upon receiving a unanimous vote of the

entire Board of Direction.

6. Resignation

The Board of Direction shall accept the resignation, tendered in writing, of any
person holding membership in the Association whose obligations to the Association have

been fully met.

7. Expulsion

Charges may be preferred in writing by ten or more Members against a person hold-

ing membership in the Association. The person complained of shall be served with a

copy of such charges and shall be given an opportunity to answer them to the Board of

Direction. After such opportunity has been given, the Board of Direction shall take

final action. A two-thirds affirmative vote of the entire Board of Direction shall be

required for expulsion.

8. Reinstatement

(a) A person having been a Member, an Associate or a Junior Member of this

Association and having resigned such membership while in good standing may be

reinstated by a two-thirds affirmative vote of the entire Board of Direction.

(b) A person having been a Member, an Associate or a Junior Member of this

Association and having forfeited membership under the provisions of Article IV, Sec-

tion 3, may, upon such conditions as may be fixed by the Board, be reinstated by a

two-thirds affirmative vote of the entire Board of Direction.

Article IV

Dtns
1. Entrance Fee

(a) An entrance fee of ten dollars ($10.00) shall be payable to the Association with

each application for membership other than Junior Membership. This sum shall be

returned to an applicant not elected.

(b) No entrance fee shall be payable to the Association on account of Junior

Membership.

2. Annual Dues

(a) The annual dues for each Member and each Associate shall be ten dollars

($10.00).

(b) The annual dues for each Junior Member shall be five dollars ($5.00)

.

(c) Life Members and Honorary Members shall be exempt from the payment

of dues.

3. Arrears

A person whose dues are not paid before April 1st of the current year shall be

notified by the Secretary. If the dues are still unpaid on July 1st further notice shall

be given and a delinquent Member shall lose the right to vote. If the dues remain

unpaid October 1st the person shall be notified on the form prescribed by the Board of

Direction, and shall no longer receive the publications of the Association. If the dues

are not paid by December 31st, the person shall forfeit membership without further action

or notice, except as provided for in Section 4 of this Article.
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4. Remission of Dues

The Board of Direction may extend the time of payment of dues, and may remit

the dues of any Member, Associate or Junior Member who, for good reason, is unable

to pay them.

Article V

Officers

1. Officers

(a) The officers of the Association shall be a President, two Vice-Presidents, nine

Directors, a Secretary and a Treasurer.

(b) The President, the Vice-Presidents and the Directors, together with the five

latest living Past-Presidents continuing to be Members, shall constitute the Board of

Direction, in which the government of the Association shall be vested, and shall act as

Trustees and have the custody of all property belongmg to the Association. The

President, the Vice-Presidents and the Directors shall be Members.

(c) The Secretary and the Treasurer shall be appointed by the Board of Direction.

2. Term of Office

The term of office of the President shall be one year, of the Vice-Presidents two

years and of the Directors three years. The term of each shall begin at the close of

the Annual Convention at which elected and continue until a successor is qualified.

All other officers and employees shall hold office or position during the pleasure of the

Board of Direction.

3. Officers Elected Annually

(a) There shall be elected at each Annual Convention a President, one Vice-

President and three Directors.

(b) The candidates for President and for Vice-President shall be selected from

the members or past members of the Board of Direction.

4. Conditions of Re-election of Officers

A President shall be ineligible for re-election. Vice-Presidents and Directors shall

not be eligible for re-election to the same office until at least one full term has elapsed

after the end of their respective terms.

5. Vacancies in Offices

(a) When a vacancy occurs in the office of President the duties shall be performed

by the senior Vice-President.

(b) When a vacancy occurs in the office of either Vice-President the Board of

Direction shall select a Vice-President from the members or past members of the Board

of Direction. A Vice-Presidency shall not be considered vacant when one of the Vice-

Presidents is filling a vacancy in the Presidency.

(c) A vacancy in the office of Director shall be filled by the Board of Direction.

(d) An incumbent in any office for an unexpired term shall be eligible for re-

election to the office held; provided however, that anyone appointed to fill a vacancy as

Director within six months after the term commences shall be considered as coming

within the provisions of Article V, Section 4.
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6. Vacation of Office

(a) When an elected officer ceases to be a Member of the Association, as provided

in Article II, the office shall be vacated.

(b) In case of the disability of or neglect in the performance of duty by an officer,

the Board of Direction, by a two-thirds affirmative vote of the entire Board, shall have

the power to declare the office vacant.

Article VI

Nomination and Election of Officers

1. Nominating Committee

(a) There shall be a Nominating Committee composed of the five latest living

Past-Presidents of the Association, who are Members, and five Members who are not

officers.

(b) The five Members who are not officers shall be elected annually for a term

of one year, when the officers of the Association are elected.

(c) The senior Past-President who is a member of the Committee shall be the

Chairman of the Committee. In the absence of the senior Past-President from a meet-

ing of the Committee the Past-President next in seniority present shall act as Chairman.

2. Method of Nominating

(a) Prior to December 1st of each year the Chairman shall call a meeting of the

Committee at a convenient place, at which nominees for the various elective offices

shall be selected as follows:

Number of Candi-

Number of Candi- dates to be

dates to be named elected at the

by the Nominating Annual Election

Office to be Filled Committee. of Officers.

President 1 1

Vice-President 1 1

Directors 9 3

Nominating Committee 10 5

(b) The Chairman of the Nominating Committee shall send the names of the

nominees to the President and Secretary not later than December 15th of the same year,

and the Secretary shall report them to the members of the Association on a printed

slip not later than January 1st following.

(c) At any time between January 1st and February 1st any ten or more Members

may send to the Secretary additional nominations for any elective office for the ensuing

year signed by such Members.

(d) If any person nominated shall be found by the Board of Direction to be

ineligible for the office for which nominated, or should a nominee decline such nomination,

the name shall be withdrawn. The Board of Direction may fill any vacancies that may

occur in the list of nominees up to the time the ballots are sent out.

3. Ballots Issued

Not less than thirty days prior to each Annual Convention, the Secretary shall issue

a ballot to each voting member of record in good standing, listing the several candidates

to be voted upon. When there is more than one candidate for any office, the names
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shall be arranged on the ballot in the order that shall be determined by lot by the

Nominating Committee. The ballot shall be accompanied by a statement giving for

each candidate, his record of membership and activities in this Association.

4. Substitution of Names

Members may erase names from the printed ballot list and may substitute the name

or names of any other person or persons eligible for any office, but the number of names

voted for each office on the ballot must not exceed the number to be elected at that

time to such office.

5. Ballots

(a) Ballots shall be placed in an envelope, sealed and endorsed with the name of

the voter, and mailed to or deposited with the Secretary at any time previous to the

closure of the polls.

(b) A voter may withdraw a ballot, and cast another, at any time before the polls-

close.

(c) Ballots not endorsed or from persons not qualified to vote shall not be counted.

(d) The ballots and envelopes shall be preserved for not less than ten days after

the vote is canvassed.

6. Closure of Polls

The polls shall be closed at twelve o'clock noon on the second day of the Annual

Convention, and the ballots shall be counted by tellers appointed by the Presiding

Officer.

7. Election

(a) The persons who shall receive the highest number of votes for the offices for

which they are candidates shall be declared elected.

(b) In case of a tie between two or more candidates for the same office, the

Members present at the Annual Convention shall elect the officer by ballot from the

candidates so tied.

(c) The Presiding Officer shall announce at the convention the names of the

officers elected in accordance with this Article.

Article VII

Management

1. President

The President shall have general supervision of the afiairs of the Association, shall

preside at meetings of the Association and of the Board of Direction, and shall be

ex-officio a member of all committees, except the Nominating Committee.

2. Vice-Presidents

The Vice-Presidents, in order of seniority, shaU preside at meetings in the absence

of the President and shall discharge the duties in case of a vacancy in the office.
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3. Treasurer

The Treasurer shall receive all monies, deposit the same in the name of the

Association, receipt to the Secretary therefor and invest all funds not needed for current

disbursements as shall be ordered by the Board of Direction. The Treasurer shall pay

all bills, when properly certified and audited by the Finance Committee, and make such

reports as may be called for by the Board of Direction.

4. Secretary

The Secretary, shall be under the direction of the President and Board of Direction,

the Executive Officer of the Association and shall attend the meetings of the Association

and of the Board of Direction, prepare the business therefor, and duly record the

proceedings thereof. The Secretary shall see that the monies due the Association are

collected and without loss transferred to the custody of the Treasurer, and shall personally

certify to the accuracy of all bills or vouchers on which money is to be paid. The Sec-

retary is to conduct the correspondence of the Association, keep proper record thereof,

and perform such other duties as the Board of Direction may prescribe.

5. Auditing of Accounts

The accounts of the Treasurer and of the Secretary shall be audited annually by

an approved accountant under the direction of the Finance Committee of the Board

of Direction.

6. Board of Direction

(a) The Board of Direction shall manage the affairs of the Association, and shall

have full power to control and regulate all matters not otherwise provided in the

Constitution.

(b) The Board of Direction shall meet within thirty days after each Annual

Convention, and at such other times as the President may direct. Special meetings

shall be called on request, in writing, of five members of the Board of Direction.

.

(c) Seven members of the Board of Direction shall constitute a quorum.

(d) At the first meeting of the Board of Direction after the Annual Convention,

the following committees, each consisting of not less than three members, shall be

appointed by the President from the Board of Direction and they shall report to and

perform their duties under the supervision of the Board of Direction.

Finance

Publication

Outline of Work of Committees

Personnel of Committees

Membership

Manual

7. Duties of the Committees of the Board of Direction

(a) Finance Committee

The Finance Committee shall have immediate supervision of the accounts and

financial affairs of the Association; shall approve all bills before payment, and shall

make recommendations to the Board of Direction as to the investment of monies and

other financial matters. The - Finance Committee shall not have the power to incur

debts or other obligations binding the Association, nor authorize the payment of money
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other than the anaounts necessary to meet ordinary current expenses of the Association,

except by authority of the Board of Direction.

(b) Publication Committee

The Publication Committee shall have general supervision of the publications of

the Association. The Publication Committee shall not have the power to incur debts

or other obligations binding the Association, nor authorize the payment of money except

by authority of the Board of Direction.

(c) Committee on Outline of Work of Committees

The Committee on Outline of Work of Committees shall prepare and present to the

Board of Direction a report of the subjects to be investigated, considered and reported

upon by the standing and special committees of the Association during the ensuing year.

(d) Committee on Personnel of Committees

The Committee on Personnel of Committees shall prepare and present to the Board

of Direction a list of chairman, vice-chairmen and members of the standing and special

committees of the Association for the ensuing year.

(e) Membership Committee

The Membership Committee shall make investigation of applicants for membership

and shall make recommendations to the Board of Direction with reference thereto.

(f) Manual Committee

The Manual Committee shall study and recommend to the Board of Direction as

to the manner in which the material adopted for addition or deletion from the Manual

shall be handled.

8. Standing Committees

The Board of Direction may appoint standing committees to investigate, consider

and report upon questions pertaining to railway location, construction, operation and

maintenance.

9. Special Committees

The Board of Direction may appoint special committees - to examine into and

report upon any subject connected with the objects of this Association.

10. Discussion by Non-Members

The Board of Direction may invite discussions of reports from persons not members

of the Association.

11. Sanction of Act of Board of Direction

An act of the Board of Direction which shall have received the expressed or implied

sanction of the membership at the next annual convention of the Association shall be

deemed to be the act of the Association.

Article VIII

Meetings

1. Annual Convention

(a) The Annual Convention of the Association shall be held in the City of

Chicago, Illinois. The convention shall open on a Tuesday in the month of March to

be determined by the President.
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(b) The Secretary shall notify all members of the Association of the time and

place of the Annual Convention at least thirty (30) days in advance thereof.

(c) The order of business at the Annual Convention of the Association shall be:

Reading of the Minutes of the last meeting

Address of the President

Reports of the Secretary and the Treasurer

Reports of Committees

Unfinished Business

New Business

Installation of Officers

Adjournment

(d) This order of business may be changed by a majority vote of Members present.

(e) The proceedings shall be governed by "Robert's Rules of Order" except as

otherwise herein provided.

(f) Discussions shall be limited to members and to those others invited by the

Presiding Officer to speak.

2. Special Meetings

Special meetings of the Association may be called by the Board of Direction and

special meetings shall be so called by the Board of DirectioB upon written request of

thirty Members. The request shall state the purpose of such meeting.

The call for such special meeting shall be issued not less than ten (10) days in

advance and shall state the purpose and place of the meeting. No other business shall

be taken up at such meeting.

3. Quorum
Twenty-five (25) Members shall constitute a quorum at all meetings of the

Association.

Article IX

Amendment
1, Amendment

Proposed Amendment of this Constitution shall be made in writing, shall be signed

by not less than ten Members and shall be acted upon in the following manner:

The amendment shall be presented to the Secretary, who shall send a copy to each

member of the Board of Direction as soon as received. If a majority of the entire

Board of Direction so votes the matter shall be submitted to the Association by letter-

ballot.

The Board of Direction shall canvass the ballots which have been received within

sixty days after the date of issue of the letter-ballot and if two-thirds (%) of the votes

so received are in the affirmative the amendment shall be declared adopted and shaD

become immediately effective.

The result shall be announced at the next Annual Convention.
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GENERAL INFORMATION
(Revised to March, 1941.)

GENERAL RULES FOR THE PREPARATION, PUBLICATION AND
CONSIDERATION OF COMMITTEE REPORTS

(A) Appointment of Committees and Outline of Work

Standing Committees

1. The following are Standing Committees:

1. Roadway and Ballast.

3. Ties.

4. Rail.

5. Track.
6. Buildings.

7. Wood Bridges and Trestles.

8. Masonry.
9. Highways.

10. Signals and Interlocking.

11. Records and Accounts.

13. Water Service, Fire Protection and Sanitation.

14. Yards and Terminals.

15. Iron and Steel Structures.

16. Economics of Railway Location and Operation.

17. Wood Preservation.

18. Electricity.

20. Uniform General Contract Forms.
22. Economics of Railway Labor.

24. Cooperative Relations with Universities.

25. Waterways and Harbors.

26. Standardization.

27. Maintenance of Way Work Equipment.
28. Clearances. .

Special Committees

2. Special Committees will be appointed from time to time, as may be deemed

expedient, in the manner prescribed by Article VII, Section 9, of the Constitution.

The following are Special Committees:

Waterproofing of Railway Structures.

Impact.

Personnel of Committees

3. The personnel of all committees will continue from year to year, except when

changes are announced by the Board of Direction. It is desirable that ten percent of the

membership of each committee be changed each year.

Members of committees who do not attend meetings of committees during the year

or render service by correspondence will be relieved and the vacancies filled by the

Board at the succeeding annual convention.

Outline of Work
4. As soon as practicable after the reports of committees for the current year have

been filed with the secretary, the Board of Direction will assign to the committees,

subjects which in its judgment should preferably be considered during the succeeding

year, provided, however, that such assignments may be subject to revision until the close

of the Annual Convention. Such assignments should not be deviated from except in

extreme cases and then not until approved by the Committee on Outline of Work.

•Committee 12—Rules and OrRanization and the Special Committee on Stresses in Railroad Track
have been discontinued by action of the Board of Direction. The Committee on Research Administration
will supervise investigations on track stresses.
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_ ,
(B) Preparation of Committee Reports

General

5. The objectives of the Association are advanced through the work of the com-
mittees in two ways— (1) the development of useful information pertinent to their assign-

ments to be presented to the Association "as information", and (2) the formulation of

recommended practices to be submitted for adoption and publication in the Manual.

(a) Whether the report on any particular assignment should take the form of

"information" or a "recommended practice", depends largely on the nature of the assign-

ment. Some assignments will be fulfilled completely by the presentation of information;

others call for information in support of appended recommendations that are submitted

for adoption. In still other cases, the primary objective is a comprehensive statement of

recommended practices, but the development of these recommended practices may entail

investigation or research work, the results of which are of such importance as to war-

rant their presentation as information prior to the submission of the recommendations.

In some cases, also, it may be advisable to submit as information matter in the form of

recommended practice, with a view to inviting suggestions and criticisms that may serve

as the basis for revisions prior to the resubmission of the matter for adoption a year later.

Planning the Work
6. In pursuing the work on any assignment, the first step is necessarily one of fact

finding, including (a) a study of available literature on the subject, particularly reports

of previous investigations, (b) a compilation of current practice, especially recent changes

in practice, and (c) resort to original tests or experimentation, after a canvass of all

other sources of information indicates that research work is necessary.

Collection of Data

(a) Committees are privileged to obtain data or information in any proper way.

If desired, the secretary will issue circulars of inquiry, which should be brief and concise.

The questions asked should be specific and pertinent, and not of such general or involved

character as to preclude the possibility of obtaining satisfactory and prompt responses.

They should specify to whom answers are to be sent, and should be in such form that

copies can be retained by persons replying either by typewriter or blueprint,

(b) Requests for appropriations for the conduct of research work should be sent

to the secretary with a supporting statement setting forth: (a) the nature of the infor-

mation sought; (b) how the railroads are adversely affected by the lack of this informa-

tion; (c) the estimated cost of the investigation; (d) the estimated time to complete the

work; (e) the basis for assuming that the investigation will produce the data desired;

and, (f) an estimate of the savings to be realized or other advantages to accrue from the

successful completion of the investigations. A request for funds to continue or complete

an investigation shall include a statement of the results obtained to date.

Reports

7. Committees should pursue their investigations on all assignments but are expected

to present progress or final reports for publication only on those assignments regarding

which pertinent information has been developed.

(a) Committees are privileged to present the results of any special study or investi-

gation they may be engaged upon in connection with their assignments that may be

considered of sufficient importance to warrant presentation.

(b) Reports of information, supplementing previous reports of progress, may include

a brief review of matter previously presented, but should avoid extended repetition of

such matter.
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(c) Matter offered for adoption and publication in the Manual should be submitted

in full, regardless of its publication in previous years unless the matter being offered

appeared in identical form not more than one year before being submitted for adoption.

(d) Illustrations accompanying reports should, when possible, be prepared so that

they can be reproduced on one page. The use of inserts should be avoided.

(e) One of the most important duties of each committee is to examine its own

subject-matter in the Manual each year and submit such revisions of or supplements to

the Manual as are deemed necessary to keep it up to date. New matter for publication

in the Manual and revisions thereof must be submitted in the form and manner specified

in the General Rules for Publication of the Manual.

Form of Reports

8. Committee reports shall be prepared in accordance with the Instructions published

in the annual pamphlet of committee assignments and personnel.

(C) Publication of Reports

Dates for Filing and Publication of Reports

9. For the convenience of those attending the convention, the reports of committees

to be presented at any session of the annual convention will be published, so far as pos-

sible, in the same bulletin. To carry out this plan requires a careful scheduling of the

filing of reports and the publication of bulletins, and the arrangement of the convention

program. It is of utmost importance that chairmen file complete reports of their com-

mittees on or before the dates specified on the schedule furnished them.

Written Discussions

10. Written discussions of published reports will be transmitted to the chairman of

the interested committee who will read or present them by title or in abstract at the

convention. Written discussions will be published in the Proceedings as a part of the

discussion of the committee reports.

Verbal Discussions

11. Each speaker's remarks will be submitted to him in writing before publication

in the Proceedings, for the correction of diction and errors of reporting, but not for the

elimination of remarks.

o (D) Consideration or Committee Reports
Sequence

12. The sequence in which committee reports will be considered by the convention

will be determined by the Board of Direction.

Method

13. Reports offered as information will be presented by title or by a brief outline of

the contents. Comments or criticisms may be offered from the floor upon invitation from

the presiding officer.

14. Matter submitted for adoption and publication in the Manual may receive

consideration by one of the following procedures:

(a) Reading by title.

(b) Reading, discussing and acting upon each conclusion separately.

(c) By majority vote, discussion will be had on each item. Clauses not objected to

when read will be considered as voted upon and adopted.
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Action on Reports

IS. No formal action is to be taken by the convention on matter submitted as

intormation, whether in the form of a progress or final report.

Action on matter submitted for adoption and publication in the Manual will be

one of the following:

(a) Adoption as a whole as presented.
(b) Affirmative action on the amendment of a part or parts of the matter presented,

followed by adoption as a whole, as amended.
(c) Adoption of a part, complete in itself, and referrmg of remainder back to the

committee.
(d) Recommittal with or without instructions.

Note.—An amendment which affects underlying principles, if adopted, shall of itself

constitute a recommittal of such part of the report as the committee considers affected.

The Chair will decline to entertain amendments which in his opinion are primarily

a matter of editing.

(E) Publication of Abstracts by Technical Journals

The following rules will govern the releasing of matter for publication in technical

journals:

Committee reports, requiring action by the Association at the annual convention,

will not be released until after presentation to the convention ; special articles, contributed

by members and others, on which no action by the Association is necessary, are to be

released for publication by the technical journals after issuance in the bulletin; provided,

application therefor is made in writing and proper credit be given the Association,

authors ox committees presenting such material.

GENERAL RULES FOR PUBLICATION OF THE MANUAL
Title

1. The title of the volume will be "Manual of the American Railway Engineering

Association,"

2. The Board of Direction shall have the authority to withhold from publication

any matter which it shall consider as not desirable to publish, or as not being in proper

shape, or as not having received proper study and consideration.

Contents

3. The matter adopted by the Association for publication in the Manual shall be

considered Recommended Practice, but shall not be binding on the members. Recom-

mended Practice, as defined by the Board of Direction (May 20, 1936) is a material,

device, plan, specification or practice recommended to the railways for use as required,

either exactly as presented or with such modifications as may be necessary or desirable

to meet the needs of individual railways, but in either event, with a view to promoting

efficiency or economy, or both, in the location, construction, operation or maintenance

of railways.

Requisites for Adoption

4. The Manual will include only such matter as has been made the subject of a

special study by a standing or special committee and embodied in a committee report,

published not less than thirty days prior to the Annual Convention, and submitted by

the committee to the Annual Convention, and which, after due consideration and db-



General Information 23

cussion, shall have been voted on and formally adopted by the Association. Subjects

which, in the opinion of the Board of Direction shall be reviewed by the Association

of American Railroads, may be referred to that association before being published in

the Manual.

5. All conclusions included in the Manual must be in concise and proper shape for

pubhcation, as the Manual will consist only of a summary record of the definitions,

specifications and principles of practice adopted by the Association, with a brief reference

to the published Proceedings of the Association for the context of the committee report

and subsequent discussion and the final action of the Association.

Revision

6. Any matter published in the Manual may be amended or withdrawn by vote

at any subsequent Annual Convention, provided such changes are proposed in time for

publication not less than thirty days prior to the Annual Convention, and in the fol-

lowing manner: (a) upon recommendation of the committee in charge of the subject;

(b) upon recommendation of the Board of Direction; (c) upon request of five members,

made to the Board of Direction.

7. Revisions of or additions to the Manual authorized by action at each convention

will be published annually in the form of loose-leaf sheets whicli will be made available

to all holders of the Manual. These supplemental sheets will be accompanied by instruc-

tions for insertion of the new sheets and the withdrawal of sheets that have been super-

seded, as well as those that have been withdrawn by action of the Association.





Report of Committee 16—Economics of Railway

Location and Operation

M. F. Mannion, Chairman,
E. G. Allen
E. Y. Allen
B. T. Anderson
S. E. Armstrong
J. W. Barriger, III

C. H. Blackman
V. T. BOUGHTON
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D. E. Brummitt
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F. N. Nye, Vice-Chairman,
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H. A. Shinkle
L. K. SiLLCOX
H. W. Snyder
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J. A. Wood
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CommiUee

To the American Railway Engineering Association:

Your committee reports on the following subjects:

1. Revision of Manual.

No report.

2. Methods for obtaining a more intensive use of existing railway facilities.

No report.

3. Methods or formulas for the solution of special problems relating to more

economical and efficient railway operation.

No report.

4. Effect of higher speed on railway revenues, operating expenses, and charges

to capital account.

No report.

5. Economics of railway location and operation as affected by railway electri-

fication, collaborating with Electrical Section, Engineering Division, AAR.

Progress report, submitted as information page 26

6. The advantage derived from stiffness of track in improving economics of train

operation, collaborating with Committee 4—Rail.

Final report, submitted as information page 30

7. Development of modern power units and the effects on the economics of

railway location and operation.

No report.

AREA Bulletin 448, November 1944.

A
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8. The general course of the cost of railway transportation and operation over

the past 100 years, the principal determining elements and the economic

significance.

No report.

9. Coordinated highway service and its effect on the economies of railway

operation.

Progress report, submitted as information page il

The Committee on Economics of Railway Location

AND Operation,

M. F. Mannion, Chairman.

Report on Assignment 5

Economics of Railway Location and Operation as Affected

by Railway Electrification

Collaborating with Electrical Section, Engineering Division, AAR

E. H. Roth (chairman, subcommittee), V. T. Boughton, D. E. Brummitt, L. E. Dale,

Spencer Danbv, J. A. Erskine. Clark Hungerford. E. E. Kimball, E. E. King, A. W.
Laird, F. N. Nye, J. A. Schoch, L. K. Sillcox, H. W. Snyder, H. M. Stout.

This report is submitted as information.

The data previously assembled on the principal characteristics of steam railroad

electrifications in the Western Hemisphere and published in the Proceedings, Vol. 40,

page 180, and Vol. 42, page 68, cover approximately 3,900 miles of electrified routes,

installed between 1895 and 1939. It is hoped that similar data on electrified steam lines

in the Eastern Hemisphere can be obtained after the close of the war.

An introductory statement is here injected to the effect that, while the following

paragraphs may appear to minimize the Diesel-electric locomotive, it should be empha-

sized that the committee has no such intention in fact. While the Diesel is not the equiva-

lent of electrification in increasing the capacity of terminals or for operation in long

tunnels, it should be remembered that with the exception of Item 4 below, wherein cen-

trally generated electric power is the basis of the advantage of the electric, the Diesel

exhibits similar advantages, except that it is not capable of the overloads supported by

a central power plant, inasmuch as it is a self-contained unit. It is the unanimous opin-

ion that Diesel-electric power has assumed a definite position as a motive power type,

and while emphasis may appear to be placed on a comparison of the steam locomotive

and its electric counterpart, this is explained by the conclusion that the treatment of the

Diesel can best be accomplished in a further report on this same subject when more

adequate data are available.

Reasons for Electrifications

In reviewing the data thus far assembled, it is apparent that a number of electri-

fications have been made primarily for the purpose of eliminating some hazard, relieving

some burdensome operating condition, increasing track capacity, or quickening schedules.

While in some instances the direct economy may be small, it is thought that the value
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of benefits, which cannot be calculated directly, has been very great. The more extensive

electrifications of heavy traffic lines are understood to show satisfactory profits on their

installation costs and are unquestionably providing a quality of service that is not sur-

passed by any other present form of motive power. Other principal reasons for electri-

fication have primarily been to secure better operating conditions, as listed below.

1. For terminals in large cities where steam locomotives are objectionable, where

long tunnels are involved, and where switching and idle power movements can

be reduced. These advantages may greatly increase the capacity of a terminal

or a tunnel.

2. On heavy gradients (sometimes in connection with steam operated tunnels)

where the running speeds with steam traction are low. to increase the capacity

of the line and effect substantial operating savings.

3. For short haul passenger serv^ice to increase track capacity because of quicker

schedules in service having many stops and, incidentally, to foster business

because of the attractiveness of electric operation.

4. In certain cases for long haul services ; for the main purpose of securing operat-

ing economy in districts where fuel is expensive and where cheap electric power

can be obtained.

It can be said that electrical equipment makes an important contribution. The abil-

ity to provide superior service comes from the inherent characteristic of electric systems

which permits the concentration of large amounts of power in a single train and the

capacity of electric motive power to carry overloads during acceleration and on ascending

grades of moderate lengths. The general tendency of railroading has been toward the

operation of heavier trains and at higher speeds. Post-war competition will accelerate this

trend. Increases in train weight and speed require more powerful motive power.

Steam Locomotive Improved

The steam locomotive is so generally used and is so successful in meeting the de-

mands of an exacting transportation system that there should be some good cause for

considering electric or Diesel power. During the past few years continued progress in the

design of the steam locomotive has taken place because of the introduction of economiz-

ing devices, higher steam pressure, and various mechanical improvements. However, a

similar advance in design has characterized the electric locomotive; and today there are

electric locomotives rating 7,000 hp. continuously in daily service. Designs have been

made for single units to develop 7,500 and 10,000 hp. continuously. Overloads up to 80

percent above the rating can be carried for limited periods of time. This overload ca-

pacity is especially valuable in establishing and maintaining schedules through high aver-

age accelerations from stops and slowdowns, extensive use of momentum grades, and

high speed on other grades.

Electric motive power is not limited in output by having to generate its own power

from fuel which it carries, as is the case with other forms of motive power. The demand
from the power supply system for any train will vary widely with changes in grade and

speed; and the total power demand for an electrified division or entire railroad will

change from hour to hour, from day to day, and season to season. Such a varying load

is not so attractive to a central station as is a steady load, unless it comes during "off

peak" periods. The peak loads or minimum loads on various electrified divisions of a

railroad may not coincide so that over a district of a large system the electrical demand
may tend somewhat to level out. However, individual central stations are continually

increasing in size, and the interconnection of systems is becoming prevalent so that the
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load demand for an electrification is becoming less in proportion to the capacity of the

supply system, and the variations in the railroad load are of decreasing importance. This

development tends to induce more favorable unit rates for electrical energy to electrified

railroads. Furthermore, governmental agencies are exerting a determined effort to sell

the surplus power generated in governmental hydroelectric power stations, and it may
well be that the railways can procure power from those sources at a reduced cost from

that offered by private industry. However, it is questionable whether the railways should

encourage further subsidization of transport and other industries by purchasing their

power from sources which are themselves subsidized.

In North America, with the usual low cost and abundant sources of fuel, railway

electrification has been lagging. It would indicate that the reasons for electrifying steam

lines have been generally to satisfy or meet particular requirements more or less local-

ized as to geographical or operating conditions. An important deterrent to railway elec-

trification on a large scale is the sparsity of traffic on a major portion of the routes in

the United States. Therefore, many electrification projects can be economically justified

only on the basis of such localized or operating conditions.

To Meet Increased Traffic Requirements

Increased traffic requirements on existing lines and trackage may justify electrifica-

tion, as it does possess direct and collateral advantages. It is recognized that electrifica-

tion as a major improvement is costly; but for conditions involving both growth and

change in service requirements, utilization of existing tracks and facilities, as well as

establishing the highest class of service, electrification should be given careful

consideration.

An increase in operating economy in switching service is frequently obtained by the

use of electric locomotives because of their increased availablity, more favorable torque

characteristics, and fuel economy. However, in a program of electrification, consideration

should be given to operating the smaller yards by other than electric power—Diesel for

instance—in view of the fact that in many such yards the savings resulting from the

limited switch engine hours required might not justify the capital costs involved. Further-

more, electrification of terminals requires either the installation of expensive equipment

and consequent high fixed charges on tracks used infrequently, such as at industries, or

that the operation be supplemented by Diesel-electric or steam power.

In tunnel application, the Hoosac Tunnel of the Boston & Maine Railroad is an

early example. Built in 1875 the tunnel continued to be a bottleneck until it was electri-

fied in 1911, thus increasing its capacity and eliminating an objectionable operating con-

dition. Similar advantages were experienced previously by the Grand Trunk System, the

Great Northern, and the Baltmore & Ohio. Electrification not only eliminated the smoke

and gases but greatly increased the capacity of the tunnels.

Operation on Grades

Inasmuch as the electric locomotive did so well in terminal and tunnel service, it was

tried out in hauling heavy freight trains over steep grades and made a very favorable

showing, since it is capable of withstanding heavy overloads for limited periods of time.

Short ascending and descending grades are not so objectionable as with steam operation,

for while the electric unit is descending it can generate power (if electrically designed

for regeneration) and on ascending it is able to operate at a rating of 150 percent or

more for limited periods of time, possibly sufficient to carry it to the top of the hill,

doing so with little loss of speed.
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The committee is not particularly interested in the mechanical and electrical details

which have been so ably treated by the mechanical and electrical engineers. Therefore,

other considerations will be based in a general way on the application of electrification

to railroad work. It might be well at this point to review some of the advantages thus

far offered by the electric locomotive when related to steam power reiterating that the

Diesel is not treated here since it will be discussed in a supplemental report on this

same subject:

1. Superior tractive effort and horsepower characteristics resulting in more favor-

able acceleration.

2. Regenerative braking which adds to the braking power and reduces brake

shoe and wheel wear, as well as, in many cases, eliminating stops to turn up

or down retainers and to cool shoes and wheels. Regenerative braking saves

in power cost by supplying power to the trolley system.

3. Flexibility is provided by multiple operation.

4. Operation in either direction is provided by symmetrical wheel arrangement.

5. High availability which supports intensive utilization, in addition to providing

reliability under virtually all conditions of service.

6. Cold weather adversely affects the operation of steam locomotives due to

increased heat radiation, whereas in the case of the electric locomotive the

lower ambient temperatures allow greater temperature rise of the motors with-

out overheating and thus increase the capacity of the motors.

7. Stand-by losses common to steam power are eliminated.

8. The maintenance cost of electric locomotives is less than that of comparable

steam locomotives.

9. Track capacity is increased.

10. Stops for fuel and water are eliminated.

11. Investment in fuel and water facilities, in equipment for hauling fuel, and

labor in the handling of the latter, are largely eliminated.

There is no longer a question of whether electricity can do the work of extending

and improving the very admirable performance of the modern steam locomotive. This

has been amply demonstrated. The inherent advantages of the electric locomotives are

not alone the reason for increasing electrification on the various railroads. The advance

in cost of fuel, particularly abroad, increased the cost of steam operation, while electric

power can be generated at a low cost in modern generating stations. Electric power is

one of the few commodities, the price of which has decreased continuously as its use

expanded.

Comparable operating and capital cost data covering the various electrifications

from which to develop the relative economics in electric versus steam motive power will

require extensive and costly research.
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Report on Assignment 6

The Advantage Derived from Stiffness of Track in Improving

Economics of Train Operation

Collaborating with Committee 4-Rail

H. F. Schryver (chairman, subcommittee), S. E. Armstrong, J. W. Barriger, III, C. H.
Blackman, C. W. Breed, S. B. Clement, J. M. Farrin, C. H. R. Howe, Clark Hunger-
ford, E. E. King, A. W. Laird, M. F. Mannion, J. B. Mitchell, F. N. Nye, J. W.
Porter, H. M. Shepard.

This report is submitted as information with the recommendation that the subject

be discontinued.

Conventional raih'oad track on ballast is depressed by the wheels of a train, and it

requires a greater expenditure of energy to pull the train over such track than would be

required if the track were absolutely rigid. This may be considered as additional train

resistance, therefore any considerable increase in track stiffness should reduce train

resistance.

The subject of train resistance as affected by weight of rail was studied by Com-

mittee 21—Economics of Railway Operation, and a report published in the Proceedings,

Vol. 38, page 409. This report contained a formula for computing train resistance due

to track depression for various types of track design having different stiffnesses. The

extreme variation in train resistance reported due to different value of track support was

only 0.65 lb. per ton. Assuming that for ordinary train operation at slow speeds on level

track the total resistance per ton is 4.5 lb., the extreme variation in train resistance due

to track depression would be approximately 14 percent. On a 0.5 percent grade the

total resistance would be 14.5 lb. per ton and a variation of 0.65 lb. per ton would

equal 4.4 percent.

Committee 16, in the Proceedings, Vol. 43, page 52, reported a factor applicable to

the Davis general equation for train resistance, which indicates the effect of variable

wave action arising from different rail weights and different moduli of elasticity of rail

support. The report states that "the relative effect of track rigidity within limits nor-

mally encountered is very small". A footnote was added in the Manual, page 16-37, to

direct the attention of those interested to the investigation of the various train resistance

components, showing Proceedings references.

While train resistance is but little affected by the utilization of the stronger and

heavier type of track structure, this is merely one of a number of important factors, and

should not be taken or considered as an argument against stiff track. There are obvious

advantages which may justify a good depth of ballast of the proper type, large ties and

heavy rail, from the standpoint of track maintenance and load carrying capacity.

For the past several years. Committee 16 has made a thorough survey and study of

the subject and has concluded after serious consideration that the information or data

mentioned or previously published can not be enlarged or amended.
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Report on Assignment 9

Coordinated Highway Service and Its Effect on the Economics

of Railway Operation

F. N. Nye (chairman, subcommittee), E. G. Allen, E. Y. Alien. V. T. Boughton, D. E.

Brummitt, Spencer Danbv, Miss Olive W. Dennis, H. H. Edgerton, Fred Lavis,

H. R. Peterson, C. P. Richardson, R. W. Rogers, H. M. Shepard, J. E. Teal, H. M.
Tremaine, J. S. Worley.

This is a progress report submitted as information.

A similar subject under a former assignment entitled. Economic Limits of the Move-

ment by the Railway of Freight from Shipper to Receiver by Rail, by Highway or by a

Combination of Both, was studied by predecessor Committee 21—Economics of Railway

Operation, from 1935 to 1938. No report was published and in the Proceeding for 1938,

Vol. 39, page 560, it was recommended that the subject be discontinued until such time

as adequate data might become available on which to base a report.

This committee believes that coordinated railway and highway service—particularly

for LCL freight—is of great importance to the railways and to the shipping public. It

should be further developed and made an integral part of railway operation. It should

be given consideration in terminal design, with respect to yard, station and track layouts.

Prior to 1935 there was no federal regulation of motor carriers. What limited regu-

lation existed affected only intrastate operations in certain individual states. In that

year a Motor Carrier Act was adopted by Congress which, with subsequent amendments,

is now Part II of the Interstate Commerce Act. Beginning with the year 1938 the ICC,

under authority of the Act, required prescribed annual reports by Class I motor carriers

—which are the larger companies grossing over $100,000 annually. It is only since the

filing of these reports, beginning in 1939, that it has become practicable to discuss the

motor carrier industry, based upon authentic though even yet incomplete statistics, and

to evaluate its position in the transportation field.

Growth of Motor Truck Industry

It is not contemplated in this assignment to review in detail the development of

commercial motor transportation, nor to discuss its present stature and traffic or to

appraise its postwar prospects. Suffice it to say briefly that it is a relatively young,

vigorous and widely diffused industry which has come far since its inception on a local

scale during and subsequent to World War I. In the 25-year period between 1916 and

1941 motor truck registrations increased from 215,000 units to an all-time record of

4,876,000 units, or nearly 23 fold. Approximately 600,000 of these vehicles are operated

for hire, some 40 percent or more of which perform intercity hauls, and the remainder

are engaged in local cartage services. Probably only 150.000 to 200,000 are subject to the

general ICC jurisdiction. By far the larger part of the nation's motor trucks are owned

by farmers, manufacturers, merchants, etc., and are engaged in private carriage, both

intercity and local.

The great intercity bus system of the nation is almost entirely a development of

this same period—the bus system at its beginning was too small to be recorded

statistically.

At the time of World War I a very large proportion of the motor trucks owned

privately were used in strictly urban and suburban activities or upon farms. The phe-

nomenal growth in the number of motor vehicles in service has been accompanied by a
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marked increase in their load capacity, reliability and capability for long hauls at sus-

tained speed and at an economical operating cost. Accompanying this came better

organization of the motor carriers with more skilled management and personnel, leading

to improved operating methods. Concurrently, with improving automotive technology

and operating techniques, came a vast expansion of improved public highways inter-

connecting the nation's cities and towns and radiating from them to tap their tributary

trade areas. The country's highways, rural and urban, today total nearly 3% million

miles, nearly half of which are surfaced with materials ranging from gravel to reinforced

concrete.

Volume of Traffic

It is estimated that in 1942 intercity motor trucks produced 50.2 billion ton miles,

about evenly divided between for-hire and private carriage, and that intercity passenger

buses produced 23.2 billion passenger miles. Considering the abnormal conditions under

which motor transport has necessarily been conducted since America's entrance into the

war. this performance of the motor transport industry is indeed noteworthy. Such

accomplishments, in spite of difficulties, have heightened its confidence for holding and

expanding its share of the nation's transportation.

The tabulation shows the total operating revenues for the year ending June 30, 1943

of common carrier transport agencies subject to ICC jurisdiction. In a parallel column

are shown the corresponding revenues for the calendar year 1940, the last pre-war year,

for purposes of comparison.

Total Operating Revenues^

Year Ending Calendar Year 1943 Percent

June 30,1943 1940 Increase

Class of Carriers (Millions) (Millions) Over 1940

Steam railways* $ 8,790 $4,459 97

Railway Express Agency 175 120 46
Pullman Company 114 60 90
Electric railways 74 S3 40
Water lines** 75 212

Pipe lines 258 226 14

Bus lines*** 531 182 192

Truck lines*** 1,340 922 45

Grand total $11,357 $6,234 82

* About 80 percent of these railway operating revenues were from freight traffic, about 14 percent
from passengers and the remainder from mail, express, switching, etc.

** Those water carriers handling bulk commodities do not report revenues to the ICC and these,

therefore, are not ipcluded.
*** Includes actual reported revenues of well over 1,000 Class I truck companies and estimated

revenues of over 20,000 smaller Class II and III truck companies. It is exclusive of wholly intrastate

carriers and of all contract and private carriers. Similarly for buses.
1 ICC S7th Annual Report, page 14.

It will be observed that as the United States entered a wartime economy the rail-

roads and their affiliated Express Agency, together with the Pullman Company, improved

their relative position in the transportation field, grossing 80 percent of the tabulated

operating revenues in 1943 as against 74 percent in 1940. The principal competitors of

the railroads are the motor carriers. While their revenues rose markedly during the period

reviewed their relative share of an expanding transportation market did not increase.

In both 1940 and 1943 they grossed roughly 17 percent of the tabulated operating

revenues. It is probable, with the reconversion of the automotive industry to its normal

production, with prospects of improving design and performance of its products and
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with postwar re-employment highw^ay projects as a continuing public aid, that motor

transport will continue to provide the principal rail competition.

Motor Freight Carriers

In this report subsequent discussion will relate to motor freight carriers—other

features of rail-motor coordination will be treated in future reports. Motor freight car-

riers, both common and contract as well as private, haul various types of commodities

—

agricultural and animal products, raw materials, liquids, perishables, etc., as well as

consumers' and durable goods in various stages of manufacture. However, their principal

direct competition with railroads is in the common carriage of miscellaneous general

freight, and their impact is most pronounced with respect to lcl traffic.

The scope and complexity of rail lcl business, with its local, interline and overhead

shipments of thousands of different items, moving under various classifications to and

from nearly 70,000 freight stations located on various railroads, is vast indeed. This

tonnage normally represents not over two percent of all railroad volume, but accounts

for about seven percent or more of all freight revenues, and until the issuance of ODT
No. 1—directing heavier loadings per car as a wartime conservation measure—required

about one-fifth of all car loadings.

Rail LCL shipments reached their peak at the end of World War I, during the period

1916-1920, averaging about S3 million originated tons annually, and have since slumped

badly concurrently with the phenomenal growth of intercity trucking. Recovery of rail

LCL traffic since its lowest levels in the depression in 1933-1935, when it averaged only

about 14^ million tons per year for all Class I railways, has been unimpressive. The

moderate increase to around IS million tons in 1941 may in part be attributed to the

greater potential volume of merchandise requiring transportation and to the fact that

truck line capacity under war conditions has for many companies been reached, forcing

numerous embargoes and a return to the rails.

The freight forwarders, it should be observed, are currently handling over five

miUion tons per year—over three-quarters of their line haul transportation is purchased

from the railroads, the remainder going principally to motor carriers. In addition, the

motor carriers perform substantial pick-up, delivery and transfer service for the

forwarders.

Four Times LCL Volume

Since World War I motor borne intercity freight has continued uninterruptedly to

increase until at present the railroads' principal direct competitors—the thousand or more
Class I interstate common carrier truck companies—are hauling over 80 million tons

annually, exceeding over 4 times the lcl volume of all Class I railways. Ton mile figures

available for many large Class I motor carriers show their average hauls vary from 200

to 400 miles and in some cases much more. However, if an overall average for all such

carriers were available it would probably be between ISO and 200 miles. The tendency

has been, and still continues, toward increasing length of haul. In addition to these

larger motor carriers there are thousands of smaller Class II and III interstate carriers

which, it is estimated, handle an equal volume—although for a somewhat shorter haul.

Besides traffic handled by interstate truckers there are substantial intercity tonnages

handled over the road for lesser distances by intrastate carriers. There are also smaller

quantities transported by contract carriers—generally special commodities moving in

truck load lots. In addition to these various categories of for-hire carriers, there are

equivalent tonnages handled over the road by private carriers hauling their own com-
modities in effective though less direct competition with both common and contract

motor carriers and with the railroads.
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Motor transport of freight has expanded largely because of the continuing improve-

ment of its services, and this has primarily been due to improved equipment and better

highways over which to operate. In the early days of unregulated competition truckmen

sought business through competitive rate differentials, frequently with a short-sighted

disregard or actual ignorance of their true operating costs, coupled with their door-to-

door service. Today, because of rising costs and a greater awareness thereof, the common
carrier motor transport industry is currently obliged to compete at a rate level some-

what above that of the rails, relying principally on a complete door-to-door service

performed on convenient, expedited and normally dependable schedules. Whether they

can maintain their relative tonnage postwar at these higher competitive rates against

an improved railroad lcl service is a matter of concern to the industry.

If the railroads are to retain and enlarge their lcl traffic they must match and, if

possible, excel motor transport service. To accomplish this it has appeared logical to

supplement the railroads' long distance, high capacity line haul advantages with the

motor vehicles' terminal and short haul advantages, based on the greater flexibility

inherent in the smaller unit of "go-anywhere" highway equipment. Certain railroads

recognized early the possibilities and advantages of a properly balanced and integrated

coordination with highway transport, but until relatively recently the railroad industry

as a whole lagged somewhat in developing that coordination on an effective basis. Prior

to the enactment of the Motor Carrier Act of 1935 there were no federal restraints on

railroad utilization of motor transport. There were, of course, in the various states

restrictions of one sort or another regulating railroad affiliated motor transportation.

In this study your committee confines its comments to federal regulation with respect

to interstate traffic, and it must be understood that analogous state regulation is also

generally applicable to intrastate traffic.

"Grandfather" Rights

All motor common carrier transport in bona fide operation on June 1, 1935, whether

railroad affiliated or not, was accorded "grandfather" rights under the Act, and its opera-

tions were allowed to continue undisturbed. Certain railroads at that time had motor

carrier subsidiaries performing in many cases over-the-road all-truck operations and

these have generally since been continued and in some instances extended with the

commission's approval. An ICC study made in 1940 indicated that as of 1935, 43 Class I

steam railways had a financial interest, generally through a subsidiary, in about 122

highway motor vehicle enterprises. There was little change in such relationships by 1940.

By far the greater part of these enterprises were trucking operations—a few were bus

lines. All for-hire operations involving interstate traffic established after the "grand-

father" date require ICC certification on a showing of public convenience and necessity.

Under the commission's interpretation of the Act subsequent railroad entrance into over-

the-road inter-station operations is generally approved only if it is auxiliary to or

supplemental of actual rail operations. This has been generally construed to require a

prior or subsequent rail haul of the shipments accorded motor service, or an all-motor

local haul of definitely limited length.

The Interstate Commerce Act, however, specifically exempts railroad affiliated motor

operations of a terminal character, as such operations, similar to local cartage services,

had developed at an earlier time than over-the-road trucking and are considered an

integral part of railroading.

Railroad coordinated motor truck transport is primarily—though not entirely

—

associated with the handling of lcl or merchandise freight and falls into three broad

classifications.
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1. Terminal lcl Transfers.—This service is between the freight stations of one or

more railroads in lieu of switching cars. This phase of coordination goes back to the

early days of trucking. Prior to that it had long been performed by teaming companies.

Such motor transfers were being made at Chicago, for instance, as early as 1908. They

have developed ever since and today motor transfer is common practice at railroad

terminals and interchange points throughout the country. At such gateways as Cincinnati

and St. Louis these transfers are performed between the various railroads by highly

specialized trucking contractors with appropriate equipment, working for the account

of several railroads on a comprehensive basis. Such motor transfers provide speed and

flexibility and in many cases are more economical than switching cars. It was estimated

that in 1941 some 15,300 motor vehicles were engaged in this work.

2. Pick-up and Delivery.—This accessorial service, with few isolated exceptions, had

not been accorded lcl freight by the railroads prior to the depression—although it had

been generally provided since the earliest days by the English railroads at a plus charge.

In the United States this service was developed beginning in 1931 by southwestern roads,

in 1933 by certain southern and eastern roads and in 1036 by the western roads, better

to meet truck competition on a completed door-to-door basis. When originally estab-

lished, the service was provided free only for freight moving less than 230 miles in the

South, 260 miles in the East and 300 miles in the Southwest—which were the more

intensive zones of truck competition. In 1936 the service was broadened and provided

free for all freight moving at a rate of 45 cents or over per 100 lb. in the East and

South, and over 20 cents per 100 lb. in the West. No such minimum was applicable in

the Southwest.

Today pick-up and delivery is nation wide in its scope and generally all stations

of consequence are accorded this service, or an allowance of 5 cents per 100 lb. in lieu

thereof to those shippers and receivers who provide their own drayage. It is generally

performed by local cartage companies operating under contract for the account of the

various individual railroads—although in some cases the contracting truckers are sub-

sidiaries or affiliates of the railroad companies. In 1941 it was estimated that about

56,300 motor vehicles were engaged in railroad pick-up and delivery service. This figure

is exclusive of vehicles operated by Railway Express Agency at numerous points for the

railroads in this service.

As previously noted, no ICC authority is required by a railroad for the performance

of these motorized terminal operations. A considerable portion of lcl revenues is ex-

pended to provide these services in order to expedite and complete the railroads' service

on lcl traffic.

3. Substituted Freight Service.—Over 20 years ago certain railroads experimented

with serving their local way stations by truck to and from strategically located break-

bulk or concentration points in sui)stitution for peddler lcl cars on the way freights.

Many such operations proved advantageous and have been progressively expanded until

today most of the larger railroads provide this service to a greater or less degree and

are so serving perhaps 10,000 or more way stations. These stations, grouped by routes

and railroads, and the participating motor carriers, are listed in L. E. Kipp's National

Substituted Freight Service Directory. Statement A is a representative, but not complete,

listing of larger railroads which are performing such substituted service. It will be

observed that in 1942 the eastern railroads handled 7.47 percent of their lcl tonnage

in this manner, for an average haul of 15.4 miles. For the southern railroads, corre-

sponding figures were 2.44 percent and 42.6 miles; for the western roads—15.02 percent

and 66.2 miles. The total for the United States as a whole was S.07 percent of all lcl

tonnage handled over the road for an average distance of 39.2 miles.
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Statement A

—

Part 1
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Method 1.—Engage by contract, local trucking companies which possess, or which

can secure, the necessary common carrier certificates authorizing them to serve the

individual routes and stations involved.

Method 2.—Make application to the proper commissions for their own certificates,

either directly or through a motor carrier subsidiary, and when granted operate their

own railroad controlled motor vehicles, directly or through the subsidiary, or if desired,

contract out the routes under authority of their own certificates.

Method 3.—By purchase, directly or through a subsidiary, of an existing and

properly certificated trucking company or companies, which singly, or in combination,

will permit carrying out the proposed operations.

There are advantages and disadvantages inherent in each method which must be

evaluated in the light of local conditions, from the points of view of operation, equip-

ment maintenance, traffic and law. Certain railroads favor one method as against

another, while others employ all methods in varying combinations.

Restrictions Imposed in Certificates

The ICC in granting a certificate to a railroad or its subsidiary, or in approving

the acquisition through purchase of an existing motor carrier, may generally be expected,

under its present interpretation of the Act, to restrict the length of substituted motor

haul by the imposition of "key points", in order to make it ''auxiliary to or supplemental

of rail service". Such key points are concentration or break-bulk stations where lcl

freight would be transferred betw^een box car and the motor vehicle which is to perform

the local way station collection and distribution. They would generally be towns or

cities possessed of sufficient commerce and industry to justify making or receiving

scheduled merchandise cars. They would be so spaced as to prevent long-haul truck

movements under the commission's present prohibition of all-truck operation in sub-

stituted service to, through, or from more than one key point.

Railway Age has made a survey of the postwar outlook of 20 leading railway execu-

tives. A digest of their opinions on future freight transportation was published in the

Freight Progress Annual (issue of May 20, 1944). These executives were in general

agreement in foreseeing a large expansion of coordinated rail-highway operations to

supplement the improved service to be anticipated from higher speeds of regularly

scheduled merchandise trains between principal cities and to extend their advantages

to the smaller stations. They are confident that such modernized services will enable

the railroads to cope successfully with over-the-road common carrier motor compe-

tition.

Conclusion

The committee is of the opinion that rail-highway coordinated operations have

generally improved the service which the railroads have accorded the shipping public,

and that such coordination, where economically practicable, is in the public interest.

This introductory report, dealing with certain phases of such coordination, is submitted

as information and it is recommended the subject be continued.
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To the American Railway Engineering Association:

Your committee reports on the following subjects:

1. Developments in railway signaling.

No report.

2. The principal current activities of the Signal Section, AAR, by synopsis, supplemented

with list and reference, by number, of adopted specifications, designs and principles

of practice.

Progress report, presented as information below.

The Committee on Signals and Interlocking,

H. L. Stanton, Chairman.

Report on Assignment 2

The Principal Current Activities of the Signal

Section, AAR, by Synopsis

Supplemented With List jmd Reference, by Number, of Adopted
Specifications, Designs and Principles of Practice

W. M. Post (chairman, subcommittee), G. H. Dryden, W. J. Eck, J. C. Mock, A. H.
Rudd, C. H. Tillett, W. M. Vandersluis.

Current Activities of the Signal Section, AAR, Since November 1943

The Emergency Specification Committee, in cooperation with the War Production

Board, has continued its activities in connection with the conservation of vital war

materials, and new as well as revised emergency specifications have been issued. The 11

standing committees, including the newly created committee on electronics, have been

and are working on the assignment: "Investigate the possibihties of the use of substitute

materials.

Of the series of 23 educational chapters on American Railway Signaling Principles

and Practice completed and placed on sale to date, four have been revised and two are

under revision.

AREA. Bulletin 448, November 1944.

39
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The work performed during the 1943 fiscal year and reported in the 1944 Annual

Meeting Advance Notice covers the following subjects:

1. Revision of Chapter III—Principles and Economic Phase of Signaling.

2. Economics of reverse coded track circuits on siding in CTC territory.

3. Alternating current primary battery track circuits on the Chesapeake & Ohio-

economic results.

4. Alternating current primary battery track circuits on the Erie Railroad—economic

results.

5. Economics of converting automatic block signal systems to CTC on the Denver

& Rio Grande Western.

6. Economics of converting automatic block signal systems to CTC on the New

York, Chicago & St. Louis.

7. Economies derived from the use of off-track equipment.

8. Method of forecasting and proving the economic value of signaling.

9. Economics of automatic track chart indicator lights to show track occupancy

on sidings.

10. Train hour value.

11. Economics of yard communication systems.

12. Economics of combining communication and CTC Unes.

13. Economics of coded carrier CTC system.

14. Switch, frog and crossing layout plans—in collaboration with AREA
Committee 5.

15. Automatic train control and automatic cab signals in the United States as of

January 1, 1944.

16. Activities of radio communication for railroad purposes—cooperative report.

17. Radio Technical Planning Board^Panel 13—Railroads Radio Communications

Services—cooperative report.

18. Protection against lightning.

19. Methods and circuits for safely and economically providing many signal con-

trols over one pair of wires.

20. Instructions for mechanically applied rail head type bonds and track circuit

connectors.

21. General Reclamation Committee—Purchases and Stores Division, AAR

—

cooperative report.

22. Electrical insulating materials in general—cooperative report.

23. Highway grade crossing protection—federal, state and dominion activities.

24. Insulators for electric power Unes—cooperative report.

25. Insulating tapes—cooperative report.

26. Noteworthy changes in signal practices.

27. Practicability of a flashing light aspect for railway signaling.

28. Electronics in railway signaling.

Revised Specifications Presented for Letter Ballot

Old No. New No.
Color Light Signal, Doublet Lens Type 80-39 80-44
Transformer, Dry Type, Self-Cooled 83-39 83-44
Transformer, Oil-Immersed, Self-Cooled 84-39 84-44
Universal Switch Circuit Controller 95-39 95-44
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Old No. Xeii'No.

Paint and Painting 120-40 120-44
One-Inch Welded Steel Pipe 122-39 122-44
One-inch Welded Wrought Iron Pipe 123t-39 123-44
Mechanical Time Release 128-39 12S-44
Interlocking Lever Circuit Controller 138-39 138^4
Electric Lamp Case 174-42 1 74-44
Electric Motor Mechanism and Gate Arm for High\va> Grade Crossing

Signal 199-42 199-44

Revised Drawings Presented for Letter Ballot

New No. Old No.

Crank and Jaw Pins lOlOG lOlCF
Rocking Shaft Arms 1060B 1060
Rocking Shaft Bearings IO6ID 1061

C

Rocking Shaft Assembly and Details 1062B 1062
Low Rocking Shaft Bearing 1063B 1063
Details of Transverse Pipe Carriers 1073B 1073
One-Way Pipe Carriers 1074C 1074B
Pipe Carrier—Details 108SC 10S5B
Stuffing Box 1225C 1225B
Switch Circuit Controller Rods 1256C 12S6B
Gage-Plate Insulation—Butt Joint for 7-In. Plate 1373E 1373D
Gage-Plate Insulation—Butt Joint for 8-In. Plate 1380C 1380B
Butt End Plates—Insulated Gage Plates 1383B 1383A
Low Target Stand 1399C 1399B
Adjustable Lock Rod 1S87B 1S87A
Graphical Symbols;

Signal Supports 1661B 1661A
Tracks and Highway Crossings 1662B 1662A
Buildings, Bridges and Tunnels 1663B 1663A
One-Inch Signal Pipe and Coupling lOlSB 1015A
Wayside Fixtures 1664B 1664A
Switches 166SB 166SA
Derails 1666B 1666A
Miscellaneous Devices Applied to Tracks 1667B 1667A
Lead-Outs, Bolt Locks. Cranks and Deflecting Bars 1668B 166SA
Pipe and Wire Lines 1669B 1669A

Revised Requisites Presented for Letter Ballot

Centralized Traffic Control.

Mechanically Locking the Levers of Interlocking Machines.
Signal Protection for Spring Switches. (Revision and consolidation of Spring

Markers and Requisites for Signal Protection for Spring Switches.)

Switch

RE\^SED Miscellaneous Matter Presented for Letter Ballot

AAR Signal Section 7050—Signal and Interlocking Unit Distribution.

New Specifications Presented for Letter Ballot
No.

All-Relay Interlocking 203-44
Tr ctive .Armature Direct Current Neutral Relay, Plug-In Type 204-44
Coded Track Circuit Signal Systems 205-4

1

Decoding Unit 206^4
Coded Track Circuit Unit 207-44
All-Relay Interlocking Control Machine 208-44
Highway Grade Crossing Automatic Gates 209-44
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New Drawings Presented for Letter Ballot

Terminal Block, Long Type 1077A
Gage-Plate Insulation for Framed Ties 138SA

New Requisites Presented for Letter Ballot

Electric Locks Applied to Hand-Operated Switches for Protection of Main Track
Movements.

New Miscellaneous Matter Presented for Letter Ballot

Definitions for Technical Terms Used in Signaling.

Drawings Presented for Letter Ballot for Removal from the Manual

Latch Shoe and Latch Rod Assembly—For S. & F. Interlocking Machine 1S6SA
Latch Shoe and Latch Rod Details—For S. & F. Interlocking Machine 1S66A
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D. M. Burckett a. E. Owen* R. P. Winton
F. W. Gardinlr Committee

*Died March 21, 1944.

To the American Railway Engineering Association:

Your committee reports on the following subjects:

1. Developments in the application of electricity to railway service.

Progress report, presented as information below.

2. The principal current activities of the Electrical Section, Engineering Division,

AAR, by synopsis.

Progress report, presented as information page 45

The Committee on Electricity,

D. B. Thompson, Chairman.

^rtfjur (ilEbmunti (B\xitn

It is with profound sorrow and regret that this committee records the death on

March 21, 1944, of a higly valued member, Arthur Edmund Owen, chief engineer of the

Central Railroad of New Jersey and the New York & Long Branch Railroad. Mr. Owen
had been a member of the committee since 1921. Because of his experience with the

problems of the railways as related to electricity, his contributions to the work of the

committee were worthwhile, and he was a faithful and energetic committee member.

Mr. Owen had been associated with the Central Railroad of New Jersey since 1898 and

became a member of the Association in 1916.

Report on Assignment 1

Developments in the Application of Electricity to Railway Service

Under current war conditions the railroads, of necessity, have been concentrating on

the maintenance and improvement of the efficiency and availability of their present

equipment. Also, considerable improvements have been made in their maintenance facili-

ties. While thought and study have been and are being given to future developments and

uses of materials which have been developed during the past few years, limited man-

power and limitations on the use of material have prevented the railroads from taking

immediate advantage of these improvements.

The increased use of Diesel power has made it necessary for the railroads to con-

struct proper servicing facilities in order that the full utilization of this power can be

realized, and the trend would indicate that the electrical maintenance and power require-

ments will become more and more a major item.

AREA Bulletin 448, November 1944.
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The advent of newer designs of cars and the increased application and use of air

conditioning have imposed the need for extensive improvements of terminal facilities and
a demand for additional power. The extended use of public address systems in passenger

stations, yards, warehouses and freight transfer houses is anticipated.

Train communication, especially on freight trains, will introduce another use of

power and, as is often the case where power is furnished for limited use, other uses foreign

to the original application are soon found, with the result that the power unit originally

supplied becomes inadequate. This situation will require considerable study.

Higher levels of illumination in shops, enginehouses and offices can be expected, as

the experience in war plants has definitely proved the value of better illumination.

While the air-cooled transformer for large power units came into being before the

war, its value has been emphasized and much experience has been gained by reason of the

large number of units of this type installed in plants where, owing to the characteristics

of this type of transformer and its lighter weight, convenient locations and mountings

could be more easily found.

Due to the need for weight saving and the small size of railway propulsion electri-

cal equipment, it has been necessary to operate at high temperatures. The war-time

development of silicone resins, that will match in durability at high temperatures the

glass cloth with which they are used for insulation, will again enable more power to be

obtained from equipment occupying the limited dimensions available on railway

equipment.

Gas turbines do not differ markedly in principle from the turbine-compressor com-

bination used with the recently publicized jet propulsion devices. If the turbine blading

and rotor can be built to withstand high temperatures, a small compressor can be used,

as the products of combustion do not need to be diluted with so much cold air to bring

the combustion temperatures down to reasonable values.

A great deal of progress has been made during the war in the development of metals

to resist high temperatures and this, together with the improved efficiencies of the tur-

bine and the compressor, can be expected to make the gas turbine practical for railway

prime mover use. It is inherently a single-speed device and most likely will be used in

connection with electric drive.

The general use of airplanes and the subcontracting of airplane parts to many manu-

facturers have developed a widespread appreciation of the possibilities of weight saving

to a degree that was never realized in the past and this will, undoubtedly, be reflected in

railway practices. A comparison of some of the conventional types of gearing with the

types used in the airplane, leads to the conclusion that gear improvements which will

make the modern steam turbine locomotive possible may be expected.

More extensive use of germ kilUng tubes for car air conditioning and water, and also

for air cleaning can be expected.

X-ray machines of greater power have been developed which Avill enable a more

thorough analysis of metals as affecting their use in the design of structural parts of

machines, etc.

In conclusion it can be stated that electricity will find many more applications in

railroad operation, and the electrical engineer can be of material assistance in promoting

improvements by keeping alert to the changes in the art and by studying applications in

the railroad field in which he is directly interested.
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Report on Assignment 2

The Principal Current Activities of the Electrical Section,

Engineering Division, AAR, by Synopsis

Like many other units of the AAR, the Electrical Section of the Engineering Divi-

sion has held no annual meetings since 1941. The limitations on travel, which served as

the primary obstacle to the holding of these section meetings, have also discouraged

committee meetings, with the result that more and more of the committee work has

had to be done through the agency of correspondence.

Following the precedent established in 1942, meetings of the Committee of Direction

were held on November 10, 1943, and again on October 25, 1944, in lieu of annual meet-

ings, for the purpose of reviewing the reports of the committees. Committee chairmen

were invited to attend so that they could submit their reports and offer recommendations

for work of their committees for the ensuing year.

The Section has continued its efforts of the previous year to conserve critical mate-

rials by measures designed to limit their use and by finding substitutes for them. It is

also participating in the work of sectional committees of the American Standards Asso-

ciation, now engaged in the development of "American War Standards".

In a circular distributed to representatives of member roads in both the Electrical

Section and the Purchases and Stores Division, two measures for economy in the use of

copper and of rubber insulation were developed: (1) Installation of power feeders inside

of roundhouses instead of outside; and (2) vulcanizing of splices in damaged cables,

including a step-by-step exposition of the process.

The Committee on Electric Heating _and Welding participated informally in the

development of an American War Standard covering safety in electric and gas welding

and cutting operations, and has recommended the insertion of a reference to this Ameri-

can War Standard in the Manual of the Section.

The Committee on Power Supply presented a report setting forth the economies

realized by the use of capacitors for power factor correction, citing the results obtained

on three different railways.

The Committee on Track and Third-Rail Bonds reported on two assignments. In

the first of these, covering injury to welded bonds due to rail-end welding and methods

of prevention, the committee arrived at the following conclusions:

1. Less damage to bonds is caused by building up rail ends by electric weld-

ing than when gas is used, because less heat is generated and because the arc can

be more rapidly controlled.

2. The wet asbestos pack constitutes effective protection, but is seldom used.

3. In the end, removal of the bond, if of the signal type, is the only certain

method of preventing injury.

In the second report, on injury to pin-type bonds due to rail-end welding and heat

treatment, and methods of prevention, the committee stated that practically the same
conclusion may be drawn for the pin-type bonds as for the welded bond under the previ-

ous assignment; however, the effect of "heat treatment," not included in that assignment

should be added to these conclusions.
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4. In heat treatment of rail ends, involving higher temperatures than for

building up rail ends by either electric or gas welding, bonds must be removed if

they are to be reused.

With the benefit of a supplemental appropriation of $1,000 authorized by the AAR
for use in 1944, the Research Staff of the Engineering Division is continuing its work on

the investigation of electrolytic corrosion of steel in concrete, and has submitted a second

progress report on the assignment.
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B. W. DeGeer, Chairman,
R. C. BardWELL
W. M. Bark
C. W. Brown, Jr.

I. C. Brown
R. W. Chorley
R. E. COUGHLAN
J. H. Davidson

J. J. DWYER
C. H. Edwards
R. N. Foster
R. H. George
J. P. Hanley
T. W. HisLOP, Jr.
C. K. Hoffmeister

A. W. Johnson
H. F. King
C. R. Knowles
W. B. Leaf
G. A. Little
O. E. Mace
G. E. Martin
Ray McBrian
W. A. McGee
H. L. McMuLLiN
G. F. Metzdorf
R. H. Miller
E. R. Morris
Theodore Morris
M. F. Neuzil

E. M. Grime, Vice-Chairman,
A. B. Pierce
S. E. Printz
W. A. Radspinner
H. M. ScHUDLicn
R. W. Seniff
H. E. SiLcox
R. M. Stimmel
T. A. Tennyson, Jr.

J. E. Tiedt
C. P. Van Gundy
H. W. Van Hovenberg
R. E. Wachter
K. J. Weir

Com,mittee

To the American Railway Engineering Association:

Your committee reports on the following subjects:

1. Revision of Manual.

Progress report, including recommended revision page 48

2. Cause of and remedy for pitting and corrosion of locomotive boiler tubes and

sheets, with special reference to status of embrittlement investigations.

Progress report, presented as information page 48

3. Progress being made by federal or state authorities on regulations pertaining

to railway sanitation, collaborating with Joint Committee on Railway Sani-

tation, AAR.

Progress report, presented as information page 51

4. The principal current activities of the Fire Protection and Insurance Section,

AAR.

Progress report, presented as information page 58

5. Methods used to determine the existence of electrolysis attacking underground

pipe lines, including well casings, and methods of prevention, collaborating

with Electrical Section, Engineering Division, AAR.

No report.

6. Mechanics of foaming and carry-over in locomotive boilers.

Progress report, presented as information page 59

7. High speed watering faciUties for streamhne trains, collaborating with Com-
mittee 14—Yards and Terminals.

Final report, presented as information page 64

AREA Bulletin 448, November 1944.
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8. Methods for taking water samples.

Progress report, presented as information page 66

9. Means of conserving labor and materials, including the adaptation of sub-

stitute non-critical materials, and specifications for the reclamation of released

materials, tools, and equipment, collaborating with Committee 3A—General

Reclamation of the Purchases and Stores Division, AAR.

Presented as information, with recommendation that subject be discontinued . . page 69

The Committee on Water Service, Fire

Protection and Sanitation,

B. W. DeGeer, Chairman.

Report on Assignment 1

Revision of Manual

H. E. Silcox (chairman, subcommittee), R. E. Coughlan, J. H. Davidson, T. W. Hislop,

Jr., A. W. Johnson, H. F. King, G. E. Martin, A. B. Pierce, J. E. Tiedt, R. E.

Wachter, K. J. Weir.

Your committee submits a plan for timber substructures for water tanks of 50,000-

gal. (16 ft. by 24 ft.) and 100,000-gal. (20 ft. by 30 ft.) capacity, with the recommenda-

tion that this plan be approved for publication in the Manual to replace the plans shown

as Figs. 1306 and 1307 on pages 13-30 and 13-31, respectively.

Report on Assignment 2

Cause of and Remedy for Pitting and Corrosion of Locomotive

Boiler Tubes and Sheets, with Special Reference to Status

of Embrittlement Investigations

R E. Coughlan (chairman, subcommittee), R. C. Bardwell, W. M. Barr, R. W. Chorley,

J. H. Davidson, C. H. Edwards, E. M. Grime, T. W. Hislop, Jr., H. F. King, C. R.
Knowles, Ray McBrian, W. A. McGee, R. H. Miller, Theodore Morris, A. B. Pierce,

S. E. Printz, R. W. Seniff, R. M. Stimmel, J. E. Tiedt, C. P. Van Gundy.

This is a progress report presented as information.

During the past year your committee has continued to observe results of the use of

remedies developed as preventives to intercrystalline corrosion, with special reference

to the use of sodium nitrate and the installations of embrittlement detectors on various

railroads equipped with these devices.

It has come to the attention of your committee that a publication of the United

States Department of the Interior—Bureau of Mines, known as Questions and Answers

on Boiler Feedwater Conditioning, by J. F. Barkley in Handbook No. 3 issued during

1936, gives the following answers to question 8 on page 24, "What causes caustic em-

brittlement in the boiler?".
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Caustic embrittlement may be deiined as the destructive action of highly

alkaline water on the boiler metal. Peculiar cracks may appear, particularly where

the metal is under some distortion or strain, as around rivets. The metal becomes

brittle and weak. The microscope shows that these cracks follow the boundaries

of the crystals of the metal.

On page 74, question 12, under the heading, "What methods are used to prevent

caustic embrittlement in the boiler?" the answer is given as follows:

Considerable research is yet required on this controversial subject. A publica-

tion dated 1935, Suggested Rules for Care of Power Boilers, Section VII, ASME
Boiler Construction Code, page 81, states:

Operating evidence supplemented by laboratory work indicates that if

not less than the following ratios of sodium sulfate to total sodium hydroxide

and sodium carbonate alkalinity calculated to equivalent sodium carbonate

are maintained in the boiler water "caustic embrittlement" will be inhibited.

Working Pressure of Sodium Total Sodium Hydroxide and Carbonate
Boiler, Pounds Gage Sulfate Alkalinity calcidated to equivalent

Sodium Carbonate

to ISO 1 to 1

150 to 250 2 to 1

250 and over 3 to 1 '

The further statement is made "If one operated boilers with a boiler water having

a lower amount of sulfate than suggested above, he might not have any trouble from

caustic embrittlement; but if he did have, he would be open to criticism for not having

followed the recommendation. It is considered conservative and desirable to follow the

recommendation."

The foregoing is entirely contrary to the experience of the chemists and water engi-

neers of the American railroads, as the sodium sulfate ratios shown in this publication

have been found to be entirely worthless as an inhibitor for embrittlement. Nevertheless

considerable pressure was brought to bear upon men responsible for the treatment of

water for locomotive use to follow these recommendations. It was found, however, that

in many cases if they were followed, the amount of sodium sulfate in the boiler water

was so high it was impossible to operate the locomotives because of foaming. The vari-

ous railroad laboratories engaged in the research of railroad water conditioning developed

the fact that sodium sulfate is worthless as an inhibitor in the prevention of the so-called

caustic embrittlement, and for this reason your committee could not consistently recom-

mend it as a preventive.

The 1943 edition of the same publication contains a statement by the same author,

on page 80, question 12, as follows:

Hundreds of boilers with high causticity have been operated for years with-

out trouble from caustic embrittlement. Poorly riveted seams provide the fine

leaks and stressed metal necessary for possible embrittlement. Some consider that

properly fabricated boilers are not subject to caustic embrittlement. One method

of avoiding possible difficulty is to use welded drums, thus eliminating riveted

seams.

The problem can be attacked from a chemical angle. High concentrations of

caustic soda should be avoided. It was once thought possible that maintenance

of a certain ratio of sulfate to alkalinity in the boiler water prevented caustic

embrittlement. Latest researches show that the maintenance of certain amounts
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of tannins, in the boiler water is a preventive in many cases. The presence of

nitrates may offer the best known chemical protection from caustic embrittlement.

To determine whether a boiler water would cause caustic embrittlement under the

required conditions of concentration of its salts, it is best to use a testing device

that creates these conditions. A detector has been devised that utilizes a small

leakage of water and a piece of stressed metal. This is mounted in connection with

the boiler so that the boiler water can flow through it. If cracks appear in the

metal the water is embrittling.

The development of the caustic embrittlement detector, as well as the use of tannin

and sodium nitrate as a means of prevention of embrittlement, is the result of the re-

search work conducted under the joint supervision of the AREA with other nationally

known technical associations. It is gratifying to find that the Department of Interior,

which formerly recommended the use of methods for prevention of embrittlement that

railway water enginee'rs realized were worthless, now recognizes the leadership of railway

water engineers in the development of methods that have proved successful in the elim-

ination of this boiler trouble.

Report on Assignment 3

Progress Being Made by Federal or State Authorities on

Regulations Pertaining to Railway Sanitation

Collaborating w^ith Joint Committee on Railway Sanitation, AAR

H. W. Van Hovenberg (chairman, subcommittee), R. C. Bardwell, C. W. Brown, R. E.

Coughlan, J. H. Davidson, E. M. Grime, R. H. George, J. P. Hanley, A. W. Johnson,
O. E. Mace, W. A. McGee. G. F. Metzdorf, E. R. Morris, M. F. Neuzil, A. B. Pierce,

VV. A. Radspinner, H. E. Silcox, T. A. Tennyson, Jr., R. E. Wachter.

This is a progress report submitted as information.

The activities in connection with regulations pertaining to railway sanitation during

the past year, were confined largely to consideration of the appHcation of the Public

Health Service Drinking Water Standards and Manual of Water Sanitation Practice,

pubhshed as reprint No. 2440 from the Public Health Reports, Volume 58, No. 3,

January 15, 1043, and promulgated by the Surgeon General, United States Public Health

Service, under date of September 25, 1Q43, and the Sanitation Manual for Land and .^ir

Conveyances in Interstate Traffic, published as reprint No. 2444 from the Public Health

Reports, Volume 58, No. 5, January 2Q, 1943, and promulgated by the Surgeon General,

United States Public Health Service, under date of October 2, 1943. Both of these pub-

lications were discussed in report of your committee appearing in the Proceedings for

1944, Vol. 45, pages 48 to 50, inclusive, and abstracted in the report appearing in the

Froceedinjis for 1943, Vol. 44, pages 149 to 153, inclusive.

Under date of January 27, 1944, the Surgeon General, United States Public Health

Service, sent to the state health officers. Circular Letter No. 78 which is of interest to

railroad service, and reads in part as follows:
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Subject: Certification of Water Supplies Used for Drinking and Culinary

Purposes on Equipment Operated by Interstate Carriers.

The Public Health Service is concerned over the present policy and procedure

now being followed in connection with the certification of water supplies used for

drinking and culinary purposes on equipment operated by interestate carriers.

The certification of these water supplies is dependent upon (1) the sources of

water, and (2) the watering practices by the interstate carriers.

The particular concern is the intermediate classification, used in the certifica-

tion procedure, between that of "approved" and that of "prohibited" which has

been designated as "provisional". Originally this classification implied that defects

existed, either at the source or in the watering practices, which constituted poten-

tial hazards but not immediate danger to the public health. It was believed that

"provisional" certification was of value administratively in securing improvements

because the water supply so classified would thereby be withheld from unquaUfied

approval until the defects were corrected and improvements were made. However,

the records do not indicate any material benefit in that approximately 160 inter-

state carrier water supplies have been carried in a "provisional" status continu-

ously from year to year.

The Public Health Service now requests each state to review its record of

interstate carrier water suppUes and to secure correction of all major defects of

those now in the provisional classification in order that all such supplies may
receive unqualified approval by January 1, 1945. If such unqualified approval is

not warranted by that time, these supplies must be classed as prohibited for use.

The district offices of the Pubhc Health Service will assist the states in every way

possible to secure the necessary corrections and will check survey and reporting

procedure during the calendar year 1944 on a representative number of supplies,

together with the state department of health in each state in order to effect as

complete uniformity as may be possible throughout the country. The Manual of

Recommended Water Station Sanitation Practice (Reprint No. 2440) will be used

as a guide for determining the status of the sources of supply to be considered.

Watering point sanitation or watering practices will be judged on the degree of

compliance with the recommendations contained in the Sanitation Manual for

Land and Air Conveyances Operating in Interstate Traffic. (Reprint No. 2444).

It is believed that the continuous use of a "provisional" certification serves

no useful purpose and therefore, beginning with the calendar year 1944, recom-

mendations for "provisional" certification will be accepted only if a definite time

limit is specified for correction of existing major defects. This time limit will not

exceed 12 months in the case of water supply sources as well as in watering prac-

tice requiring major construction. This time limit will not exceed three months

where change of a minor nature in watering practices is required. An extension to

those time limits will be granted whenever a shortage of critical material or other

major reason requires such extension.

It is felt that an appreciation of the potential hazards known to exist in

these water supplies on the part of the local authorities responsible for the facil-

ities, would be helpful in effecting improvements.

After January 1, 1945, it is believed desirable to publish in the weekly

Public Health Reports of the Public Health Service Hsts of all interstate carrier

water supplies reported upon unfavorably with notations of the deficiencies upon

which such unfavorable actions were based.
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In the case of interstate carrier water supplies upon which the state health

department did not report during the year 1943 or previous years, the district

office of the Public Health Service will cooperate with the state health department

in conducting necessary surveys during the calendar year 1944 or, if necessary,

will conduct its own survey in order that reports on all interstate carrier water

supplies will be available to the Public Health Service by the end of the year,

(signed) Thomas Parran, Surgeon General,

United States Public Health Service.

Due to the impractibility of applying the statements in the Drinking Water Stand-

ards and the Manual of Sanitation Practice as worded, a request was made by the

directors of the American Water Works Association for a conference with the U. S.

Public Health Service officers to reconcile the exceptions noted. This conference was held

in Washington on April 17, 1944, with Assistant Surgeon General Draper acting as

moderator. Attention was called to the fact that a literal application of these documents

would result in no public water supply in the United States being certified for use on

interstate carriers. Report of this conference was published in the July 1944 Journal of

the American Water Works Association and indicates that serious exceptions were taken

to the regulations on sampling and also to the assumption by the United States Public

Health Service of authority over the construction and operation of individual water

systems, whereas their interest in standards for water on interstate carriers derives from

the interstate quarantine regulations under which they are merely entitled to stipulate

that water placed in cars, etc., used in interstate travel shall conform to definite quality

characteristics.

There seemed to be a possibility after this conference that the Special Advisory

Committee on U. S. Public Health Service Drinking Water Standards, might be recon-

vened for consideration of possible changes and revisions. However, under date of June

24, 1944, Assistant Surgeon General J. K. Hoskins forwarded a circular letter to all

members of this committee (on which the AAR is represented by R. C. Bardwell) with

a tentative draft of a statement setting forth the policy to be followed by the U. S.

Public Health Service in interpretation of the Public Health Service Drinking Water

Standards adopted September 24, 1942 and asking whether this statement was in accord

with the reconmiendations of the Advisory Committee. This tentative draft was revised

in some minor detail and was forwarded under date of September 1, 1944, to state health

officers as Circular Letter No. 85, which reads as follows:

Subject: Policy to be Followed by the U. S. Public Health Service in

Interpretation of the Public Health Service Drinking Water Standards

Adopted September 25, 1942.

This statement of policy might well be prefaced by pointing out that many

of the difficulties encountered thus far in the application of the 1942 Drinking

Water Standards may be attributed to their consideration as engineering specifica-

tions rather than as standards. Naturally a standard of measurement or compari-

son, a model to be followed, should be developed so that progress and improve-

ment are achieved or stimulated. The 1942 Drinking Water Standards were devel-

oped with this in mind. As evidenced by inclusion of the preface to the 1925

Standards in the present edition and further by the last paragraph of the Report

of the Advisory Committee, there has been a sincere appreciation by the Advisory

Committee of the necessity for reasonable interpretation and the importance of

judgment and discretion on the part of the certifying authority. It was not in-
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tended that tliere should be an abrupt change in viewpoint in the appHcation of

the 1942 standards, over that in effect with the former standards insofar as the

application of judgment, discretion and common sense are concerned.

I. U. S. Public Health Service Drinking Water Standards

To assist all of those concerned with enforcement of these standards, the

following interpretation of certain sections is presented. The interpretations which

follow were reviewed by the Special Advisory Committee which drafted the 1942

standards, and were endorsed as consistent with the committee's views by a

majority of its membership.

Section 22.— (The water supply system in all its parts shall be free from

sanitary defects and health hazards and shall be maintained at all times in a proper

sanitary manner). This requirement is intended to be a standard or model to be

attained by cooperation of the water works authority, local and state health

authorities, and other agencies having jurisdiction.

A reasonable application of this requirement for purposes of certification of

common carrier water supplies would be: (a) Strict application insofar as prac-

ticable under existing conditions of section 2.2 to collection, treatment, and dis-

tribution works from the source to the meter or connection to the customer's

premises; (b) a sincere effort on the part of municipal, county, and state author-

ities having jurisdiction toward the elimination of sanitary defects and health

hazards as defined in sections 1.4 and 1.5, from the water distribUiion system

within the customer's property, and (c) assurance after careful investigation by

the reporting agency that such sanitary defects and health hazards probably do

not exist on any water service line used for delivering drinking water to common
carrier conveyances. The investigation of such water service lines should include

the entire system served by them beginning with their first point of connection

to the water mains of the public water supply system.

With respect to item (b), a "sincere effort" can be considered to have been

made if it can be shown:

(1) That satisfactory rules and regulations covering connections or arrange-

ments by which unsafe water may be discharged or drawn into the water supply

system are applied to all new construction, that remedial measures are taken as

promptly as material and labor are available to correct plumbing defects which

have come to the attention of the local officials, and that a continuing program

is instituted to detect hazards on the system.

(2) That evidence is presented indicating that surveys have been made to

locate cross-connections between the main supply and auxiliary supplies or any

other supply of liquids or chemicals of unknown or questionable safety and that

active steps have been taken to eliminate or safeguard any such connections found.

If either (1) or (2) above is deficient, provisional certification should be

recommended with a definite time limit specified for compliance wdth section 2.2

in accordance with these criteria.

Section 3.1.— (Sampling) In evaluating the compliance with this item of the

standards, it is suggested that the location of the sampHng points be selected

with care so that a true evaluation of the average condition of the water in the

distribution system may be obtained. It should be the aim to attain the minimum
number of samples per month set forth in this section. In view of the difficulties

with materials and personnel during the war emergency, immediate compliance

with the schedule of sampling given in section .^.1 may not be possible. If sincere
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efforts are being made to build up a sampling program that will, within a rea-

sonable period, attain the objective, such effort should be given proper considera-

tion. Therefore, evaluation of compliance with this requirement should be based

on the individual circumstances and extent of the effort made to achieve this

schedule.

In determining the number of samples examined monthly, the following exam-

inations may be included, provided all results are assembled and available for

inspection and the laboratory methods and technical competence of the personnel

are approved the state health department and/or the certifying authority: (a)

Samples examined by the state health department, (b) samples examined by local

health department laboratories, (c) samples examined by the water works

authority (private or municipal), (d) samples examined by commercial labo-

ratories.

The number of samples to be collected monthly from a distribution system

should depend on the population of the municipality or other area served in which

the common carrier watering point is located. Samples collected from the service

lines of the carrier shall meet the bacteriological requirements of the standards.

Some examples may serve to clarify the above paragraph:

(1) A water district having a total population of 100,000 supplies water to

towns A, B, and C. The common carrier involved takes its water from the dis-

tribution system of C (population 4,000). The number of samples required

monthly from C's distribution system to meet the standards would be two.

(2) City A (population 300,000) in addition to supplying water to its own

distribution system, also furnishes water to the distribution system of city B

(population 60,000). The common carrier sources its water at city B. Hence,

samples should be taken from distribution systems of city B in accordance with

standards, namely, 65 per month.

(3) Using example (2) premise again, assume that common carrier takes water

at both city A (population 300,000) and city B (population 60,000). Then samples

from distribution system of city A would be at rate of 170 per month and from

distribution system of city B at rate of 65 per month. The frequency of obtaining

samples from each representative sampling point should be fairly uniform and

should be based on monthly samples collected rather than on an annual basis.

When few samples are required, the sampling points should be used in rotation.

Section 3.1—Second Paragraph.— (The frequency of sampling and the dis-

tribution of sampling points shall be regulated by the certifying authority after

investigation of the source, method of treatment and protection of the water

concerned). This shall be interpreted to mean the respective state departments of

health or their designated representatives in such cases where the Public Health

Service has not investigated the supply.

Sections 3.22 and 3.24.— (Check of coliform group pollution—last sentence in

each section) . Such daily samples should tiot be considered as part of the number

of samples required by section 3.1. It could easily be the case, particularly in a

small system, if such samples were included, that due to some mishap enough

such samples could be collected in a period of a few days to meet the minimum
sample requirements. Then sampling of the system could cease till the following

month, thereby nullifying the purpose the committee had in mind in setting up

the minimum sampling schedule as a means of checking at frequent intervals the

quality of water distributed in the system.
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Sections 3.22 and 3.24.—(Check of coliform group pollution). The occurrence

of 3 out of 5 tubes positive when 10-ml. portions are used, and of S tubes positive

when 100-ml. portions are used, requires immediate collection of daily samples

from the same sampling point. If the next sample collected was likewise positive

in three 10-ml. or five 100-ml. tubes, depending upon the size of portions used,

consecutive samples with poor showings would have been obtained. One inter-

pretation of sections 3.22 and 3.24 would then be that the supply could not be

certified. It is considered that the proper interpretation is that if the second

sample also shows contamination, immediate and active efforts should be taken

to locate the cause of such contamination and measures should be taken to remedy

any unsatisfactory conditions found in the supply. If the record showed a clearing

up of bacterial contamination in the supply and the application of the necessary

corrective measures to any unsatisfactory conditions found, it would be reasonable

to approve the supply if it conformed in other respects with the bacteriological

requirements. If, upon obtaining three of five 10-ml. portions positive or five of

five 100-ml. portions positive, no steps were taken to collect daily samples and

the ne.xt regular sample from this sampling point was likewise positive, then non-

compliance with the standards would be indicated and non-certification of the

supply could be considered as justifiable.

Section 4.1.—(Phyiscal Characteristics). Turbidity and color requirements

should be met by all filtered water supplies. Compliance with turbidity and color

limits for unfiltered waters and with the requirement of freedom from objection-

able taste or odor for all waters should be based on reasonable judgment and

discretion, giving due consideration to all the local factors involved.

Section 4.2.—(Chemical Characteristics). Semi-annual examinations for the

substances listed in section 4.21 (Pb, Fl, As, Se), should not be required where

experience and examination indicate that such substances are not present or likely

to be present in the water sources involved, provided: That a statement to that

effect is made by the state health department, supported, where possible, by

additional evidence from other state agencies.

Where such substances may be present in the delivered water because of the

addition of water treatment or conditioning chemicals, or because of the compo-

sition of water distribution piping, semi-annual or more frequent examinations

should be made of samples collected from representative points in the distribution

system to ascertain the concentration of these substances.

Sections 1.6 (Water Supply System) and 4.2 (Chemical Characteristics).—
Because of the terminology of these two sections, some persons have interpreted

section 4.2 as limiting the use of certain materials in piping systems. This was

not the intent of the Advisory Committee nor is it the interpretation which the

Public Health Service gives to the wording of these sections.

II. State Health Officers' Circular Letters No. 28 (1938) and No. 78 (1944)

It is believed that interpretation of the Public Health Service Drinking Water

Standards in accordance with the preceding policy will clarify to a great extent

the provisions of Circular Letter 78.

Attention is directed to the last sentence of the second paragraph on page 2

of Circular Letter 78 with regard to "provisional" certification:

"It is believed that the continuous use of a 'provisional' certification serves

no useful purpose and therefore, beginning with the calendar year 1944, recom-
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mendations for 'provisional' certification will be accepted only if a definite time

limit is specified for correction of existing major defects. This time limit

will not exceed 12 months in the case of water supply sources as well as in

watering practices requiring major construction. This time limit will not exceed

3 months where changes of a minor nature in watering practices are required.

An extension of these time limits will be granted whenever a shortage of critical

material or other major reason requires such extension."

Where there is recognition of the shortcomings of an interstate carrier water

supply by the water works authority and a sincere effort is being made to correct

these shortcomings, the Public Health Service will, upon recommendation of the

reporting agency, consider all of the facts involved before demanding strict adher-

ence to the specified time limit of 12 months.

If, on the other hand, the water works authority shows no inclination to

rectify the conditions which would normally call for prohibition of use of the

supply, in accordance with reasonable interpretation of the standards, there will

be no leniency in the adherence to the time limit specified.

Likewise, in the case of defects in watering equipment or practices for which

the interstate carrier is responsible, the 12 months and 3 months "deadline"

specified for major or minor defects, respectively, will warrant adherence or

extension in accordance with the sincerity of effort on the part of the carrier to

make the necessary correction as judged by the reporting agency.

In the case of defective plumbing constituting public health hazards as re-

ferred to in the last sentence of paragraph (4) of State Health Officers' Circular

Letter No. 28 of April 18, 1938 quoted below, the interpretation enunciated in

Part I of this policy statement, for section 2.2 of the standards, will govern.

"(4) Supplies meeting the Treasury Department Drinking Water Standards

in all particulars shall be recommended for favorable certification. Supplies having

potential health hazards either in structure or operation shall be recommended

for provisional certification or prohibitive certification, depending upon the seri-

ousness of the health hazard. Supplies having cross-connections with other sup-

pUes of unsafe character or of unknown sanitary quality shall in no instance be

reconamended for favorable certification, unless such cross-connections are pro-

tected in a manner approved by the state department of health having jurisdiction

and are inspected regularly by an agent of such department. By-passes between

raw and treated supplies shall be considered as cross-connections. With the excep-

tion of connections between swimming pools and the water supply systems, cross-

connections existing between waste piping and water piping systems of buildings

shall not be considered as a part of the water supply distribution system in

making recommendations as to certification."

(signed) L. R. Thompson, Acting Surgeon General

The information contained in this interpretation is of definite interest to the railroad

personnel responsible for furnishing water to be used for drinking or culinary purposes

on cars engaged in interstate trafiic.

Further action by the United States Public Health Service of interest to the railroads

was the publication of a Sanitation Manual for Ground Water Supplies which appears

in Public Health Reports for February 4, 1944, Vol. 59, No. 5, a reprint of which can

be obtained by addressing the Surgeon General, United States Public Health Service,

or from the Superintendent of Documents, Washington, D. C. It is stated that this
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manual was prepared for the guidance of states, municipalities, and health districts in

order to encourage a greater uniformity and a higher level of safety in the sanitary

control of public ground water supplies, and is written in a suggested form for enactment

into law by states or municipalities.

This document begins with selection of site, construction of wells, and covers the

construction, installation and operation of pumps, and also pump houses, distribution

systems, and storage units. Regulations are also suggested for handling of bottled waters

which are obtained from wells for use of consumers. Strict compliance with these pro-

posed regulations would undoubtedly result in changes at many railroad well supplies

which are used for drinking purposes, and it is suggested that information in this manual

be checked carefully by those responsible for these supplies.

Report on Assignment 4

The Principal Current Activities of the Fire Protection

and Insurance Section, AAR
W. A. Radspinner (chairman, subcommittee), H. F. King, G. F. Metzdorf.

This is a progress report, presented as information.

The 1944 annual meeting of the Fire Protection and Insurance Section was can-

celled. However, meetings of the eastern regional members and of the Committee of

Direction were held as required for the discussion of current hazards involving war mate-

rials, both in transportation and storage. Arrangements were also made to hold similar

meetings with central and western members at Chicago during 1944.

On May 8, 1944, a regional meeting of the Section was held in Philadelphia, which,

as explained by Chairman Hickey, was also the initial meeting of this Section as a

railroad section of the National Fire Protection Association. As the National Fire Pro-

tection Association was at that time in session, the new railroad section was welcomed

into the NFPA by Dr. D. J. Price, Percy Bugbee and R. S. Moulton, president, general

manager, and technical secretary, respectively, of that organization.

At points of large concentrations of war equipment such as the port of embarka-

tion at Hampton Roads, there have been several changes in departmental authority or

responsibility for fire protection. At ports of embarkation the Coast Guard takes over

for piers and water borne traffic. On the shore it was first the provost marshal, then

the port engineer with a civilian fire chief under him, and now it is the Intelligence and

Security Section with a professional fire fighter and a civilian fire chief under him.

While this condition has not affected the overall command, who, in this case, is 100 per-

cent for fire protection, it has been necessary when such changes are made to see to it

that the new authority understands the position of the railway fire protection organization.

The fire losses for 1943 were larger than in 1942, and the highest since 1924. A few

losses of unusual size, such as fires in large engine houses and shops, as well as water-

front terminals, very sharply increased the total figure for losses, but did not materially

increase the number of fires.

The Special Committee on Treatment of Wood to make it fire resistive is still work-

ing on the subject and has made considerable progress. The activities of this committee

are going a long way to making the railroad departments responsible for construction

and maintenance conscious of the value of fire-resistive buildings. It is well to remember
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in this connection that insurance may cover the loss of the building, but does not

cover the consequential loss of increased operating expenses and serious delays to

transportation.

Report on Assignment 6

Mechanics of Foaming and Carry-Over in Locomotive Boilers

Walter Leaf (chairman, subcommittee), R. C. Bardwell, W. M. Barr, C. W. Brown, Jr.,

I. C. Brown, R. W. Chorley, J. H. Davidson, C. H. Edwards, R. H. George, J. P.

Hanley, T. W. Hislop, Jr., C. R. Knowles, O. E. Mace, H. L. McMullin, E. R.

Morris, H. M. Schudlich, R. W. Seniff, T. A. Tennyson, Jr., K. J. Weir.

This is a progress report, submitted as information.

Further investigation in the laboratory at atmospheric pressure has disclosed some

very interesting information. Again it is to be emphasized that this work, was done at

atmospheric pressure. However, as with previous work, the data seem to fit well with

locomotive performance. Two features have been investigated:

1. The effect of volume rate of evaporation.

2. The effect of suspended matter.

1. The Effect of Volume Rate of Evaporation

It has been found that foam height is a very critical function of volume rate of

steam evolution, and that for any volume rate there is a limiting foam height which

does not depend upon the composition of dissolved solids. This concept has been reached

from the data shown in Fig. 1.

The boiler used was of 16-gage iron 5 by 6 in. in plan, 24 in. high, with five SOO-watt

heaters in the lower portion. External switches allowed the use of any or all heaters.

The boiler was covered with two layers of j4-i>^- asbestos board to prevent condensation.

The evaporation rate using five heaters was determined, and the steam upflow rate cal-

culated from specific volume tables and the area. Distilled water and pure chemicals

were used.

The data for the upper portion of Fig. 1 were obtained using a boiler water of

25 percent alkalinity, the alkaline matter being half sodium hydroxide and half sodium

carbonate, the remaining 75 percent was sodium sulfate.

As is shown by the graph, foam height for the various evaporation rates builds up

on a straight line on semi-log scale as the concentration increases. The boiler had only

14 in. freeboard, so the limiting foam height for the five heaters was determined by

extrapolation. However, a check on a high rate was made in a glass tube boiler with

60 in. of freeboard.

Concentration to 2,000 grains was investigated, and for four, three and two heaters,

the limiting foam height held constant as shown, the maximum deviation being 0.5 in.

A composition of Vs sodium hydroxide, carbonate and sulfate, which gives much
more foam at ISO grain concentration than does the typical boiler water at the same

concentration (see previous report in the Proceedings for 1944, Vol. 45, page 61), was

also used. This composition caused foam to build up in a similar manner, although higher

at the same concentration, until the same hmiting foam height was reached, after which,

the amount of foam remained constant even to 2,000 grains concentration.
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It is possible to make the generalization, then, that for any volume rate of steam lib-

eration, there is a limiting foam height, which does not depend on composition. This limit-

ing height is reached, for any particular volume rate, at a concentration of from ISO to

400 grains of dissolved solids, depending on composition and the rate under consideration.

The lower portion of Fig. 1 shows the limiting foam height as a function of volume

rate of evaporation or upflow rate.

Boiler water from an engine arriving in Denver from Grand Junction, Colo., with

120 grains, total dissolved solids, was concentrated in the boiler, and gave around SO

percent more foam height than would have been predicted from the composition and

boiling rate. This additional foam height was noted even after the concentration in the

boiler was up to around SOO grains. The water which had been taken by the locomotive

was treated with tannin materials, and was quite brown in color. After a concentration

of 500 grains had been built up, a stream of oxygen gas was run in for about IS min.

while boiling continued, using distilled water for makeup. The foam height was then

down to the limiting value as shown by the graph, depending on the number of heaters

in use. It remained at that value as long as distilled water was used for makeup. How-
ever, when locomotive boiler water was used for makeup, the foam height gradually

increased to the higher value. Further oxygen treatment brought the foam height back

to normal. The cycle was repeated several times, always with the same results. Organic

matter of some kind was evidently responsible for the excess foam.

Water of about 4S grains hardness from a sewage disposal plant was treated with

lime, soda ash and aluminate and concentrated in the boiler. It gave excessive foam, and

did not yield to oxygen treatment. Thus, the effect of organic matter is variable, and

may or may not stabilize foam for long periods of time, and under various conditions

of boiling. Further investigation is necessary.

Tests at 100 Lb. Pressure

One commercial laboratory has made an effort to check the data of the graph from

a previous report. The boiler used was operated at 100 lb. pressure, and with ISO grain

concentration of varying composition, 3^ to 4 in. of foam was obtained, regardless of

composition. The steam upflow rate was probably 3.75 ft. per min., although not specified

in the report. This figure is being checked. If correct, only 1^ in. of foam would be

predicted from the graph with this report. This deviation may be explained by differ-

ences in the condition and size of the heating surfaces of the boiler used in this case

and the atmospheric boiler, or differences in circulation conditions, or it may be caused

by the pressure difference.

It also seems, from this test at 100 lb., that the concentration to give Hmiting foam

height may be lower at high pressure than it is at atmospheric pressure. The commercial

laboratory will run two more tests as soon as possible. One will give the data on foam

height against concentration of sodium sulfate below ISO grains, and the other will give

similar information for sodium hydroxide. If the two graphs are different, a general

confirmation of the committee's previous report will be obtained.

In the above tests, a variation in evaporation rate was obtained by changing the

number of heaters in use, or, in effect, changing the area of the heating surface. In

another test, a variable transformer was used to supply current to a single heater in a

glass tube, and the evaporation rates for various voltages was calculated from the watts

of input. The resulting foam heights are shown on the graph of Fig. 1, lower portion,

dotted line.

Calculations have been made on the steam evolution rate from the tube and firebox

sections of three large locomotive boilers, as shown in the table.
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Computed Values for Steam Evolution Rates for Three Locomotives

Class of Engine
L-97 1^105 1^132

Tractive effort, lb 97,350 105,000 131,800

Evaporation from firebox, gal. per min 64 71 73

Evaporation from tubes, gal. per min 84 HI 149

Total evaporation, gal. per min 148 182 222

Percent from firebox 43.2 39.0 32.8

Pressure, lb. per sq. in 280 255 240
Specific volume of steam, cu. ft. per lb 1.65 1.81 1.92

Firebox waterline area, sq. ft 154 164 164
Tube vi^aterline area, sq. ft 125 135 156

Steam upflow, firebox, ft. per min 5.7 6.5 7.1

Steam upflow, tubes, ft. per min 9.2 12.2 1S.3

Limiting foam height, in 9.5 26 60
Boiler diameter at dome, in 97 97.5 105

The steam upflow rate has been calculated on the basis of the volume of steam and

the waterline area with one inch of water in the glass, on level track. The figure is not

strictly true, especially as foam builds up on the water surface, because it is building up

into a narrowing space as the top of the cylindrical boiler is approached. However, the

figures are on the same basis for each class of power, and give a comparison. Note the

range, 9.5 to 60 in., of the predicted limiting foam height. These figures probably show

why some classes of power carry their water better than others, and indicate the pos-

sibihty of designing a boiler that will not foam under ordinary conditions. There is also

the possibility of designing a perforated, branched dry pipe to extend into the space

above the crown sheet, for in this region the steam evolution rate is very low and not

much foam would be formed. Foam formed over the tube section would have to travel

a considerable distance horizontally to reach the outlet and would thus have more chance

to collapse. This type of steam outlet could be used only with a front-end throttle, or a

specially designed throttle box. At least, the figures are exciting enough to indicate the

advisability of further investigation.

Use of Mechanical Means

An interesting possibility of foam prevention is in the use of mechanical means.

It has been found that small bubbles cause foam, and large ones do not, as previously

reported. It has also been found that if the small bubbles are forced to travel through

a tapered, restricted opening, they break together to form large bubbles and thus create

less foam. Based on this idea, an installation has been made on an L-105 class engine.

The device consists of a grating 13 ft. long and nearly the full width of the boiler,

formed from 1% by 1J4 by ^-in. angle irons set on their corners, and with a ^-in. slot

between them for the passage of the rising steam bubbles. The grating is installed just

above the top flues. Laboratory tests show that a ^-in. spacing will give about J4 the

normal amount of foam. Spaced 0.1 in., the device gives about % the normal amount,

and spaced 0.04 in., about Vs. With two layers spaced ^ in., the foam is broken down
to Vg its former height. Thus, the device as installed should give around 6 in. of foam

as a maximum, which should give no trouble. It has been in service about 3 months

and although controlled tests have not been made, no foaming has been reported from

this engine. Other engines of the same class in the same district have reported foaming

trouble.

Another mechanical device based on the same idea, but made of conical nozzles

installed in the steam space is working very satisfactorily. During the 15 months the
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engine with this appliance has been in service, no trouble with cylinder packing or valves

has been experienced. Other engines of the same class in the same district have given a

fair amount of trouble. The device is covered by U. S. Patent 2,320,366.

It is probable that most locomotive boilers not using anti-foam compound operate

with concentrations below that necessary to give the limiting foam height, on the sloping

portion of some such curve as is shown in Fig. 1. Consequently, the composition of

dissolved sohds will play an important part in performance. It is possible that reported

instances of very high concentrations carried without compound are possible because

the evaporation rate is low. According to the data of Fig. 1, 1,000 grains concentration

is no worse than several hundred.

2. The Effect of Suspended Matter

Preliminary investigation of the effect of suspended matter leads to several con-

clusions.

Calcium carbonate has two crystalline forms; calcite and aragonite. Calcite is the

stable form, and aragonite can be formed only below 90 deg. C. X-ray diffraction pat-

terns made in the laboratory of the Denver & Rio Grande Western of calcite and

aragonite specimens from a mineral sample case are identical, although the external

crystalline forms of the two specimens were entirely different. The patterns correspond

to tabular data for calcite.

Calcite precipitated inside the boiler or outside and later added to the boiler in-

creases the foam height beyond that from the dissolved solids only if an appreciable

amount of foam is caused by the dissolved solids. Thus, it apparently acts as a multi-

plier. The maximum foam that can be formed by any combination of calcium carbonate

and dissolved solids corresponds to the limiting foam height caused by the rate of

evaporation. This is important in predicting the performance of any mechanical foam

suppressor. Freshly precipitated calcium carbonate is no different from that which has

been boiled for seven or eight hours. Naturally, there is nearly always enough dissolved

material in a locomotive boiler to form a small amount of foam, so that the multiplying

action of calcium carbonate may lead to carryover.

Freshly precipitated magnesium hydroxide added to a boiler depresses the foam

height for 30 or 40 min., then increases it for twice as long, gradually losing its stabiliza-

tion power, and the foam returns to the value of the dissolved matter. There is no

change in the X-ray diffraction pattern of the magnesium hydroxide during this cycle.

However, since the magnesium hydroxide must be removed from the boiler in order to

obtain the pattern, it is not proved that no change has taken place in the crystalline

form during the cycle. It would be possible to make a pattern with the magnesium

hydroxide in the boiler water, but special apparatus and long exposures would be neces-

sary, making the investigation very tedious.

Apply to Slug-Feeding

These generalities apply to slug-feeding the suspended matter. If the magnesium

hydroxide is precipitated within the boiler, it may or may not have an effect on foam

height, depending upon the rate of formation. If formed slowly, the material may be

conditioned as fast as it is formed to give no foam.

A mixture of % calcium carbonate and V.i magnesium hydroxide slug-fed into the

boiler causes an immediate increase in foam height after the first addition, but after a

boiling period, which depends upon the amount added, the foam is down to about the

dissolved solid value. The first addition of such a mixture of magnesium hydroxide, gives

a very unusual effect. Foam builds up rapidly to a high value, possibly 20 or 30 in.,
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then breaks suddenly to 4 or 5 in. A series of large steam bubbles forms in the Uquid,

causing no foam, and that which had already formed breaks down rapidly. Foam forms
again, reaching an appreciable height in 6 or 8 sec, only to break down again. The
cycle is repeated with gradually increasing length until after a half hour or so, the

foam height is constant at a value much above that from dissolved solids. After a few
minutes, the foam height starts to decrease and in half an hour is down to a low value.

The changes that take place are unknown. There is no change in X-ray diffraction pat-

tern, and no appreciable change in microscopic appearance. It has been proposed by
other investigators that the conditioning is brought about by adsorbed gas being driven

off the crystal surface. This can hardly be the explanation in this case, because of the

following data:

Foam Height
Time Inches Operation

11:30 a.m 8 150 grains per gallon sludge put in boiler,

making 400 grains in all.

11:32 38
11:35 40
12:00 36
12:30 p.m 40
12:45 40
1:00 20
1:05 8 Boiler emptied, suspended matter filtered out.

Filtrate put back in boiler gives 11 in. of

foam. About 54 of suspended matter put back
in boiler, with 8 in. of foam resulting.

During the filtration and subsequent processes, the suspended matter had adequate

opportunity to readsorb gas if it would do so.

Magnesium hydroxide floe is difficult to define under the microscope, so this con-

ditioning may be a change of size of the crystalline particles. As previously mentioned,

there is no change in the diffraction pattern during the cycle.

Thus, suspended matter may increase foam height if introduced rapidly into the

boiler. This is probably true for introductions of preformed sludge, or for its formation

within the boiler. The term "sludge" is intended to mean calcium carbonate, magnesium

hydroxide, and other suspended matter formed in a water softener or within a boiler.

After boiling for a sufficient time, the sludge acts as a foam destroyer. Consequently,

if the rate of introduction of the sludge into the boiler is low enough, it will act to

suppress to some degree the foam that would be caused by dissolved solids alone.

Report on Assignment 7

High Speed Watering Facilities for Streamline Trains

Collaborating with Committee 14—Yards and Terminals

A. W. Johnson (chairman, subcommittee), R. C. Bardwell, W. M. Barr, R. E. Coughlan,

T. W. ffislop, Jr., H. F. King, G. E. Martin, Ray McBrian, H. L. McMulUn,
Theodore Morris, A. B. Pierce, H. E. Silcox, J. E. Tiedt, R. E. Wachter, K. J. Weir.

Your committee submits the following report as information.

The following data showing present practice were developed as a result of a

questionnaire sent to all committee members.
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Coach Watering Facilities at Passenger Stations

Railroad

A ...

B ...

C ...

D ...

E ..

F ..

G ..

H ..

I ..

Size of
hydrant
Inches
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Diesel Locomotive Watering Facilities

Size and
No. of Hydrant

Hydrants Spacing
Railroad Inches Feet

A 2^ 110 to

130

B 3—2 S3

C 2—2 118

D

E 1-2^

F 2

G 2-A 60 to

70

Water for Diesels is treated in much the same way as for steam equipment, but as

reported in the Proceedings for 1943, Vol. 44, page 160, water for Diesels should be given

special consideration.

Hydrants in use for watering Diesel locomotives vary in size from two to four

inches, and are either flush type or in hydrant boxes, one of the first considerations being

to reduce friction loss to a minimum.
Hose in use for watering Diesels varies; light fire hose (90 lb. per 100 ft.), heavy

fire hose (130 lb. per 100 ft.), insulation handling hose (120 lb. per 100 ft.), and heavy

rubber hose being used.

Where Diesel water hydrants are installed on locomotive water crane lines having

a tank head of 45 to 60 ft., and the pressure thus obtained should prove insufficient, a

booster pump installation may be desirable.

For rapid delivery of water to steam locomotives on streamline trains, see Pro-

ceedings for 1942, Vol. 43, page 99—Practical Size of Water Columns and Supply Lines

for Maximum Delivery of Water to Locomotive Tenders.

Size, Length and
Kind of Hose

Diam. in Inches
Length in Feet
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used to determine bacteriological conditions. Numerous samples are collected to deter-

mine the complete mineral content of the water and for special tests such as pH, dissolved

gases, etc.

Because of the wide variety of the sources of water supply and of the equipment

in which water is used, it is not practicable to establish standard methods for water

sampHng. Instead, sampling instructions are formulated on the basis of the general prin-

ciples involved together with special instructions for special cases.

The general principles to be applied to the collection of water samples include the

following:

1. The sample must be representative of the supply under investigation and

the point of sampling must be selected with care.

2. The frequency with which samples should be obtained must be determined

for each case. For example, the mineral content of water from some wells might

never change while that of water from a small stream might fluctuate constantly.

3. The quantity of sample required depends on the test to be made. This is

best established by each laboratory through the use of a schedule or table show-

ing the amount of water required for the various groups of tests.

4. The time interval between sampHng and testing should be as short as

practicable.

5. Sample containers should be of material that will not be attacked

chemically by the water. Glass containers with glass or cork stoppers are most

generally used. Copper containers, when available, are sometimes used for collect-

ing hot boiler water.

6. Containers should be furnished by the laboratory in a thoroughly clean

condition. The container and sampling lines should be rinsed or flushed out with

the water to be sampled at time of sampling.

7. Before the water sample is collected water should be wasted through the

sampling valve or faucet until all stagnant water is flushed from the pipes, etc.

Special instructions covering sampling procedures for certain samples will be

outUned under special instructions.

8. Chemical preservatives are not required to protect samples in transit but

samples should be protected against freezing or excessively high temperatures. When
the water contains algae it should also be protected from light if more than one

day elapses between the time of collection and analysis.

General Directions

Probably the most important of the general directions is that referring to the collec-

tion of samples in such a manner that they will be typical of the water supply. It is

sometimes difficult to obtain in a small container a specimen which will truly represent

a large body of water. When the quality of the water changes rapidly and frequently it

may be necessary to collect numerous samples, composite samples, or samples from many
different places in the body of water. In investigating a new source of water supply,

samphng may be necessary for an extended period of time.

In the plant, the raw water should usually be sampled as close as possible to the

point of application of the chemicals. Treated water samples should be collected at the

point where the water leaves the plant. If there is an extensive water supply system

it may also be desirable to collect treated water samples at the end of the system. In

checking raw and treated water for mud and suspended solids, composites of frequently

collected samples may be desired.
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Samples collected from stationary and locomotive boilers are usually taken from the

water column, water glass drain or blow-off system. In all cases, regardless of the sam-

pling point, the sampling line, valves, etc., should be blown out or flushed thoroughly to

insure a representative sample. When the boiler water comes in contact with the air,

some evaporation or "flashing" occurs, the amount of flash depending on boiler pressure

and atmospheric temperature, so that the sample may be more concentrated than the

boiler water. Flashing troubles may be alleviated to some extent by the use of home
made or purchased cooling coils. If the boiler water is treated internally by the slug

method of treatment, the sample should be collected before the boiler is blown down and

treatment has been applied. Locomotive boiler water samples used for the control

of boiler water concentrations shall be collected from the boiler inbound before terminal

blow down and outbound after terminal blow down. When the locomotive is at the

terminal care should be taken that samples are not collected immediately after fresh

water has been added to the boiler or after standing idle for a long period.

This report is intended only as an outline of the general principles of water sampling.

Detailed instructions and information concerning special equipment used in water sam-

pUng will be developed in a subsequent report. Special precautions are required for

sampling water for certain tests, which will also be reported later except for drinking

water.

Drinking Water Samples

Drinking water samples are usually examined for the railroad by state board of

health laboratories. The samples are frequently collected by the railroad, using containers

and instructions furnished by the board of health. For the railroad that makes bacterio-

logical examinations of water, the following sampling directions are suggested:

Only specially prepared bottles which have been washed, rinsed, sterilized

and packed in the laboratory, are satisfactory for use in collecting drinking water

samples. Before collecting the sample wash and dry the hands thoroughly. Let the

water run from the tap or faucet for at least five minutes and do not let any-

thing touch the outlet of pipe or faucet during this time. In opening the sample

bottle do not touch the inside of the stopper or the neck of the bottle and do

not clean or rinse the bottle. Hold the bottle so that water entering it will not flow

over the hands. Allow water to run into bottle until it is almost full. In replacing

the stopper handle it by means of the protective covering.

In selecting the sampling point avoid yard hydrants threaded for hose con-

nections; avoid faucets with leaks at the handle, or with attachments such as

strainer or hose; also avoid faucets where food or drink is being dispensed con-

tinuously. To collect sample from an open spring or other surface supplies, hold

the bottle with the fingers near the bottom. Submerge the bottle quickly to a

depth of about sLx inches using a forward motion and push the bottle forward

with the mouth of the bottle ahead of the hand. Have the bottle slightly inclined

upward to permit the flow of water into the bottle. If the bottle is too full pour

out a little water.

The time between the collection and testing of the water should be as short

as possible. If there is any delay in the shipment or testing of the sample, the

bottle may be kept in a refrigerator.
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Report on Assignment 9

Means of Conserving Labor and Materials, Including the Adaptation

of Substitute Non-Critical Materials, and Specifications

for the Reclamation of Released Materials,

Tools and Equipment

Collaborating with Committee 3A—General Reclamation of the

Purchases and Stores Division, AAR

G. E. Martin (chairman, subcommittee), I. C. Brown, R. E. Coughlan, J. H. Davidson,
R. H. George, E. M. Grime, Ray McBrian, G. F. Metzdorf, M. F. Neuzil, W. A.
Radspinner, H. M. Schudlich, R. M. Stimmel, J. A. Tiedt, R. E. Wachter.

General

An informative report on this subject was presented to the Association in March

1943. The report described the generally low inventories of railways at the time the

War Production Board was created and materials were restricted. During 1942 and 1943

the railways received priority assistance under General Preference Orders P-88 and

P-142. The requirements under these regulations were rather severe, as railways were

limited to $500 for the purchase of new materials used on construction jobs. Projects

requiring materials in excess of this amount would be authorized by the WPB, only in

case of urgent necessity.

In the latter part of 1943 military requirements had been supplied to the point

where essential civilian needs could be liberalized, and this was done by the issuance

of amendments to the various WPB orders. One of these amendments permitted railways

to purchase materials and certain types of equipment up to $2,500 for construction jobs

without application for authority. This change has been of advantage in handUng many
small jobs, where obsolete and badly worn equipment had been carried along for years

on a "first aid" basis.

Restricted Materials

In 1942 and 1943 steel, copper and aluminum were the yardsticks by which the

critical materials were measured. These metals and the component parts entering into

their production and processing were severely restricted. However, the need for the

metals has now been largely suppUed and their use by railways is not as severely re-

stricted. A recent article released to the public press stated that the WPB was permitting

industries to make one working model of such equipment as they expected to manufacture

in the postwar period. The manufactured article might be a sleeping car or a small

piece of equipment and might contain steel, copper, aluminum or other restricted

materials.

Notwithstanding the improved flow of the materials mentioned many items are still

critical to a varying degree. This condition changes from time to time as the needs of the

armed forces vary for differing types of equipment. While the restrictions on metals have

relaxed, lumber, pulpwood and other timber products are more severely restricted than

formerly. This is due to the demand for crates and packages for foreign shipments. It is

thought that this condition will be relaxed as substitutes for timber crates become better

known and the use of existing crates is standardized.

Some of the more critical materials now are copper, aluminum, bronze, stainless

steel, timber, wire nails, galvanized metals, wood lath, paneling, wallboard and Manila
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and sisal rope. Also, certain types of pumping equipment used by the Navy and Army
for dewatering ship bilges and for advance base construction are critical.

On the other hand, some materials not seriously restricted are cast iron and steel

pipe, valves and fittings, brick, clay products, asbestos and certain building materials.

Reinforcing bars may also be used more freely than formerly. The lists given are only

partial, and each railway must keep in touch with the priority sections set up in its own
purchasing and stores department to secure the latest information on alternate materials

that may be obtained with the least restrictions.

Salvaged Materials

The railways have continued a vigorous campaign to salvage all items of second

hand materials, either for re-use or for scrap. Reports from various members of the

committee indicate that salvaging is generally done b}' a central reclamation plant, but

considerable material is reconditioned at some of the larger water works repair shops.

The metal spraying process is being employed for reconditioning pump rods, the lower

ends of water columns, crank shafts, pump pistons and other worn parts that may be

rebuilt and turned to the original size. Valves and pipe fittings when suitable for repair-

ing are salvaged, repaired and put in stock for re-use. The water department of one

midwestern railway has salvaged over 50,000 ft. of 4, 6, 8, 10 and 12-in. cast iron pipe

in the last two years. The pipe lines were abandoned years ago when it was not eco-

nomical or necessary to salvage them under peace time conditions. Reports indicate that

other railways have salvaged large amounts of cast iron pipe and other water supply

materials. Another railway reports the reuse of 2>2-gal. soda-and-acid or foam-type fire

extinguishers which had punctured shells by converting them to pump type extinguishers.

The pump and hose can be purchased for this purpose. Both arc and acetylene welding

are being used extensively for repairing and installing steel and wrought iron pipe,

resulting in considerable saving in fittings as well as labor. Many pipe lines are now
being cleaned, a practice which obviates renewals.

Classification and Reclamation of Materials

The AAR and many individual railways have detailed classifications for various

kinds of scrap material. The classification on railways covers more than 80 separate

items of scrap. The list is set up by classification numbers, description, tonnage and

price per unit for each item. The scrap received is sorted in accordance with the list,

and when usable items are encountered, they are set aside and reconditioned for the

various user departments.

The AAR and individual railways also have detailed specifications for repairing

interchange equipment. A pamphlet entitled. The Rules Governing the Condition of, and

Repairs to. Freight and Passenger Cars for the Interchange of Traffic, is a good illus-

tration of this program. In addition to detailed specifications, the code has agreed prices

for many items of work and material used in the reconditioning work.

The maintenance of way department also has a rather extensive list of items that

are reconditioned, and it is probable that this list could be increased by the reclamation

departments. The necessity for an expanded list has not been urgent in the past but

under present day conditions additional items should now be considered.

Conservation of Man-Hours

Problems bearing on the employment of an adequate force have increased since the

last report was presented. The rates of pay were increased in the latter part of 1943

and there has been a decrease in the number of experienced men due to military indue-
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tion. This condition also makes the training of new men more expensive and limits the

field of choice for their useful employment. High school boys from 16 to 18 years are

employed and give fairly good results in many cases. However, their service is subject

to the limitation that the Selective Service Bureau may induct them by the time they

become fairly proficient in railway work. Under these conditions good supervision is very

important, and this is true also of careful inspection, programming of work and the

securing of necessary materials for construction and maintenance so that lost time will

be held to a minimum and a greater amount of work accomplished. Providing necessary

tools and material at the proper time will save labor.

The use of labor saving machinery is more necessary than ever and one railway

has recently purchased two small gasoline hoisting units to use in water tank construc-

tion. These units are used to raise tank frame bents, floor boards, staves and other

material that were formerly hoisted by hand labor with block and tackle.

Ratchet wrenches and box wrenches have also been provided for tightening nuts on

tank hoops instead of the open-end wrenches formerly used. Some of the labor saving

tools reported are leak detectors, cast iron pipe cutters, electric pipe threading machines,

acetylene torches, pipe pushers and auto trucks with mechanical winches. One railway

reported that the installation of cathodic protection in steel tanks saves considerable

labor. Labor saving of this kind soon pay§ for itself in man-hours saved. Adequate com-

munication, by telephone or other means, between workmen, foremen and supervising

officers is more important than in previous years. Auto trucks and other means of com-

munication are useful in saving money and man-hours on the job.

Conclusions

1. To obtain adequate equipment and materials it is necessary to keep in touch with

the priority section of the purchasing department so as to be aware of the items that

can be secured most readily because they have been overstocked by manufacturers or

because of a relaxing of WPB restrictions.

2. The use of salvaged and substitute materials and equipment is recommended

where such items are available. The reconditioning of pumps, valves, meters and other

equipment should be continued.

3. The utiUzation of man-hours is very important due to increased rates of pay for

the workmen and to the decreased number of competent workmen available for

employment.
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Committee

To the American Railway Engineering Association:

Your committee reports on the following subjects:

1. Revision of Manual.

No report.

2. Study of metal and other protective casings for pier structures under water.

No report.

3. Prepare abstract of flood control acts and outline procedure under the acts, collabo-

rating with AAR Committee on Waterway Projects.

No report.

4. Reasonable life of steel casings immersed in sea water.

No report.

5. Prepare abstract of the Truman-Hobbs Act and outline procedure under the act,

collaborating with AAR Committee on Waterway Projects.

No report.

6. Procedure with regard to rivers and harbors projects, collaborating with AAR Com-
mittee on Waterway Projects.

No report.

The Committee on Waterways and Harbors,

N. D. Hyde, Chairman.

The work of the committee on Subjects 2 and 4 is still delayed due to the war and

that delay will probably continue for the duration and until the assembling of data is

resumed and the data are analyzed. It had been expected that a progress report would

be submitted on Subject S, but recent developments in proceedings under the Truman-

Hobbs Act have made it inadvisable to make a report at this time.

AREA Bulletin 448, November 1944.
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9. Facilities for conveyor handling of l.c.l. freight at freight houses, collabo-

rating with Committee 6—Buildings.

No report.

10. Design and location of engine laundries and blow-off pits at engine ter-

minals, collaborating with Committee 6—Buildings.

Final report, presented as information page 83

11. Facilities for servicing streamline trains in coach yards.

No report.

12. Means of conserving labor and materials, including the adaptation of sub-

stitute noncritical materials, and specifications for the reclamation of re-

leased materials, tools and equipment, collaborating with Committee

3A—General Reclamation of the Purchases and Stores Division, AAR.

No report.

The Committee on Yards and Terminals,

W. J. Hedley, Chairman.

Report on Assignment 4

Bibliography on Subjects Pertaining to Yards and Terminals

Appearing in Current Periodicals

E. E. R. Tratman (chairman, subcommittee), Hadley Baldwin, F. T. Darrow, M. H.
Dick, H. L. Ripley.

Excessive crowding at large terminal stations in London, as noted in English papers,

has been due to a combination of war traffic and holiday traffic when people insisted on

pleasure travel in spite of requests and warnings. On one general or "Bank" holiday, the

large Paddington station of the Great Western Railway had to be actually closed against

the inrush of passengers desiring to reach the trains, as the concourse and platforms were

already jammed with people, resulting in confusion and a dangerous situation. Police

and railway employees barred all entrances for some hours, until the crowds had been

thinned by departure of trains. This extraordinary action resulted, of course, in excessive

crowding in the street approaches and in the subways connecting the station with stations

on the local underground railways. At the Victoria station and Waterloo station of the

Southern Railway, dangerous crowding and confusion were avoided by forming the

waiting passengers in queues in subways beneath the concourse and platforms, thus

having them under cover. They were admitted to the platforms, under control, as fast

as empty trains could be placed for loading.

Books on Switching and Produce Terminals

An interesting development is the publication of books on yard switching and

similar work, as listed below. The one dealing with shunting or switching methods

applies to methods for flat switching with four-wheel cars of 10 to 15 ton capacity, so

that it would not apply to American equipment or practice. It is to be noted, however,

that the Illinois Central has introduced a system for training new employees for yard

work and other services, mainly by lectures and field observations. Two of the four large

English railways have somewhat similar systems, but applying mainly, it seems, to
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employees in the "white collar" departments. The book on "British Railways" issued

jointly by these four railways, deals with: End of War, 1945; Period of Recovery, 1946-

1949; and Future, 1950 and Beyond. Two other books listed have relation to produce

terminals.

In lighter vein and based on the increasing use of loud speakers in English railway

stations, the London "Punch" had a cartoon showing the possibilities. The scene is the

concourse of a large station, and standing under one of the loud-speaker outlets is a

man in porter's uniform carrying a tray of food and talking to a group of girls. The

loud-speaker is supposed to blare forth, for all to hear: "Train on Platform No. 5 is the

1:43 for Hamswitch, Gloode and Beigewater, and will Harry Jones, the porter, please get

a move on with my sandwiches and stop talking to those girls".

For the assistance and regulation of passengers at large in London stations, while

there is a shortage of station employees, two interesting features have been developed:

(1) At the Euston terminal of the London, Midland & Scottish Railway, a large mural

painting shows a pictorial plan of the station and its facilities; (2) at stations on the

underground railways of the London Passenger Transport Board, large picture posters

advise passengers to "Have Tickets Ready", "Stand at Right on Escalators", "Pass along

Platforms", etc.

General

Air Transport—Future prospects; Report of AAR—Railway Age, 1944, April 1, Page
641—Civil Engineering, 1944, February, Page 53.

Air Transport—Air Traffic and the Railways—Canadian Transportation, 1944, April

and May, pp. 195, 248; Railway Age, 1944, July 22, p. 170.

Air Transport—Competition with Railways in Argentina—Railway Gazette (London),
1944, August 4, pp. 104, 121.

Books—Railway Stations of Metropolitan Chicago by H. M. Meyer, Department of

Geography, University of Chicago.

Books—The Shunter's Manual; A Practical Guide to Ways of Saving Time, Work and
Engine Power in Shunting and Marshalling by Edward S. Hadley, 42 Milton
Road, Hanwell, London (England), pp. 48; three shillings (75 cents).

Books—Oil-Electric Shunting Locomotives by V. Finegan, published by George Newnes
Company, London, England.

Books—British Railway Track; Design, Construction and Maintenance, published by
Permanent Way Institution; Secretary, H. Janes, 19 Weald View Road, Tonbridge,
Kent, England; fifteen shillings ($3).

Books—British Railways in Peace and War, issued jointly by the leading railways.

Reviewed in Railway Gazette (London), 1944, April 21, p. 408.

Books—Large-Scale Organization in the Food Industries, Monograph No. 35, Temporary
National Economic Committee, Washington, D. C, U. S. Department of Agriculture

(Bureau of Agricultural Economics), 1938.

Books—Wholesale Markets for Fruits and Vegetables in Forty Cities, U. S. Department
of Agriculture Circular No. 463, February, 1938 (Superintendent of Documents,
Washington, D. C. (15 cents).

Buildings—Contracting for repair work—Railway Engineering and Maintenance, 1944,

July, p. 631.

Buildings—Waterproofing and use of fire-resistant wood, AREA Proceedings, 1944,

pp. 166, 187.

Clearances—Diagram for turntables—AREA Proceedings, 1944, pp. 185, 627.
Clearances—Specifications for Signs for Overhead and Side Obstructions—AREA Pro-

ceedings, 1944, p. 309.

Coordinated Traffic—Rail and Air Transport in Canada—Railway Age, 1943, Decem-
ber 18, p. 974.

Coordinated Traffic—Rail and Bus Conference—Railway Age, 1943, September 25, p. 495.
Coordinated Traffic—Rail and Bus Services of Great Western Railwaj-—Railway Gazette

(London). 1944, August 4, pp. 103, 105.
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Coordinated Traffic—Rail and Truck Conference—Railway Age, 1943, September 11,

p. 425.

Coordinated Traffic—Political Opposition to Coordination—Railway Age, 1943, October 2,

p. 512.

Employees—Methods of Training New Employees on the Illinois Central and the London
& Northeastern—American Association of Railroad Superintendents, Proceedings,

1944—Railway Age, 1944, August 26, p. 336—Railway Gazette (London), 1944,

July 14, p. 31.

Fire Protection—Fire-fighting Mobile Units, Erie Railroad—Erie Railroad Magazine,
1944, February, p. 8.

Platforms—Types of Construction—Railway Engineering and Maintenance, 1944, August,

p. 717—Concrete for Railways, (Portland Cement Association), 1944, Vol. 8, No. 1.

Sidings—Development of Passing Sidings—Railway Age, 1944, March 11, p. 496.

Sidings—Track-Occupancy Indications. Rearrangement for CTC—Railway Signaling,

1943, September, p. 472, 487 and 490; 1944, June, p. 332—Signal Section, AAR,
Proceedings, 1944, Vol. 41, No. 1, p. 20.

Sidings—Lap Sidings in CTC Territory—Railway Signaling, 1943, December, p. 673.

Signals—Signaling Single-Track Branches to War Industries—Railway Gazette (London),
1944, April 21, p. 416.

Track—Cement-grouted Track in Stations and Yard Driveway—Concrete for -Railways,

Portland Cement Association, 1944, Vol. 8, No. 1.

Track—Spring Switch with Signal Protection—Signal Section, AAR, Proceedings, 1944,

Vol. 41, No. 1, p. 259.

Track—Spring Switches with Facing-point Locks—Railway Signaling, 1943, November,
p. 589.

Track—Spring Switches with Retarded-Action Springs—AREA, Proceedings, 1944, p. 339.

Track—Use of Self-Guarded Frogs—Railway Engineering and Maintenance, 1943,

October, p. 779.
Track—Electric Locks for Hand-Operated Switches—Signal Section, AAR, Proceedings,

1944, Vol. 41, No. 1, pp. 96, 106.

Trains—Train-hour Value in Operating—Signal Section, AAR, Proceedings, 1944, Vol. 41,

No. 1, p. 21.

Turnouts—Train Time Saved by High-Speed Turnouts—Railway Signaling, 1943,
November, p. 606.

Passenger Stations and Terminals

Austin, Minn.—Modernizing of Station of Chicago, Milwaukee, St. Paul & Pacific

—

Architectural Record, 1943, December, p. 105.

Birmingham, Ala.—New Interlocking for Birmingham Terminal Company—Railway
Age, 1943, November 27, p. 863—Railway Signaling, 1943, December, p. 652.

Burlington, Iowa—New Station of Chicago, Burlington & Quincy—Architectural Record,

1943, December, p. 102.

Cape Town, South Africa—Alternative Plans for Passenger Terminal and Marine Station

on Filled Shore Front at New Docks—The Engineer (London), 1944, April 28,

p. 334.

Chicago, 111.—Stations on New Subway—Journal of Western Society of Engineers, 1944,

June (Part 2).

Chicago, 111.—^New Lighting System at La Salle Street Station; Chicago, Rock Island &
Pacific—Railway Mechanical Engineer, 1944, May, p. 233.

Chicago, 111.—Sandwich Cars on Station Platforms to Supplement Dining-Car Service,

Illinois Central—Railway Age, 1944, January 22, p. 255.

Chicago, 111.
—

^Track and Interlocking Reconstruction, with Steam Piping to Switches,

at Weldon, on Chicago Terminal System of the Illinois Central—Railway Signaling,

1943, December, p. 661.

Havana, Cuba—Subway Across City Proposed to Connect Existing Subways and Elimi-

nate Traffic Congestion in Narrow Streets—Engineering News-Record, 1944, April 20,

p. 93.

Herkimer, N. Y.—^New Station on Line Diversion of New York Central—Railway Age,

1943, November 27, p. 856.

Jamaica, N. Y.—Loud Speakers on Platforms of Subway Station, Long Island Railroad

—

Railway Age, 1944, May 6, p. 871.
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London, England—Paddington Terminal of Great Western Railway Closed for Hours
due to Inrush of People on Holiday Traffic—Railway Gazette (London), 1944,

August 4, pp. 101, 107.

London, England—Groups of Loud Speakers in Liverpool Street Terminal of London &
Northeastern Railway—The Engineer (London), 1944, February 18, p. 138.

London, England—Normal Daily Peace-time Traffic at Liverpool Street Terminal of

London & Northeastern Railway is 1,200 Trains and 230,000 Passengers (Main Line

and Suburban), Peak is 40 to 60 trains in one Hour—Railway Gazette (London),

1944, June 9, p. 604.

London, England—London Passenger Transport Board is considering Post-War Require-

ments for Urban and Suburban Service by Street Cars, Buses, Underground Rail-

ways and Suburban Lines of Steam and Electric Railways—The Engineer (London)

,

1944, March 17, p. 207.

London, England—Plan for combination and Relocation of all Railway Terminals by the

Royal Academy (not engineers) Proposed to Keep Terminals in Outskirts, but there

is doubt as to the Possibility of Dispersing the Normal Morning Rush by Buses,

Street Cars and Taxis—The Engineer (London), 1944, June 16, p. 467.

London, England—Bomb Damage to Paddington Terminal of Great Western Railway

—

Railway Gazette (London), 1944, September IS, pp. 261, 262.

London, England—Large Picture Mural Painting Assists Passengers in Locating Facilities

at Euston Terminal of London, Midland & Scottish Railway—Railway Gazette (Lon-
don), 1944, September IS, p. 264.

Luton, England—New Station for City of 90,000 Population on London, Midland &
Scottish Railway—Railway Gazette (London), 1944, July 7, p. IS.

Madrid, Spain—Extension of Electric Underground Railway 2^ miles, with Eight Sta-

tions, Makes Total Length 16 miles and Connects Railway Terminals—Railway
Gazette (London), 1944, July, p. 13.

Manchester, England—Charging for Use of Station Approached by Taxis Led Taxis to

Avoid Station. In London, Taxis have Free Use of Facilities—Railway Gazette
(London), 1944, June 9, p. 586.

Mexico City, Mexico—New Union Station Proposed for Mexican National Railways and
five Other Lines. Also Coach Yards, Freight Yards and Engine Terminal, $16,000,000
—Railway Age, 1944, July 8, p. 77.

Milwaukee, Wis.—(Tement-grouted Ballast and Concrete Platforms in Chicago & North
Western Station—Concrete for Railways (Portland Cement Association) , 1944, Vol.

8. No. 1.

Montreal, Canada—New Central Station of Canadian-National Railways—Canadian
Transportation, 1943, November, p. 581, December, p. 623—Railway Signaling, 1944,

January, p. 28—Railway Age, 1944, January 22, p. 232—Architectural Record, 1943,

December, pp. 91 and 108—Railway Gazette (London), 1944, June 2, 9, 16, 23,

pp. 563, 571, 594, 620 and 652.

Montreal. Canada—New Buildings for Servicing Sleeping, Dining and Parlor Cars,

Canadian Pacific Railways—Canadian Transportation, 1944, May, p. 238.

Montreal, Canada—Proposed Rapid-Transit Subway and Stations—Mass Transportation,

1944, July, p. 156—Canadian Transportation, 1944, June, July, p. 379.

Moscow, Russia—Rapid-Transit Subway Extension Opened January 20, Engineering
News-Record, 1944, February 3, p. 8.

Philadelphia, Pa.—Trainshed of Pennsylvania Railroad Station at Broad Street Burned
but Rebuilt Rapidly—Railway Age, 1943, September 18, p. 452—Railway Engineering
and Maintenance, 1943, October, p. 748.

Providence, R. I.—New Interlocking System for New York, New Haven and Hartford
Station—Railway Signaling, 1944, April, p. 213.

St. Louis, Mo.—Modernization of Union Station—Railway Age, 1944, August 26, p. 330.
Utica, N. Y.—New Interlocking Plant at New York Central Station, after Destruction by

Derailed Train—Railway Signaling, 1944, January, p. 38—Railway Age, 1944,
February 5, p. 319.

Tulsa, Okla.—Question as to Whether Tulsa Union Depot Company is a Common Carrier
—Railway .^gc, 1944, June 3, p. 1091.

Washington, D. C.—Washington Terminal Company in Labor Dispute over Yard Service.

War traffic of Union Station, 140,000 to 175,000 Passengers Daily—Railway Age,
1944, September 2, pp. 373 and 384.

Bus Station—Terminal Building and Garage at Alexandria, Va.—Bus Transportation,
1944, April, p. 27.
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Bus Station—Union Terminal at Peoria, 111.—Bus Transportation, 1944, October, p. 54.

Stations—^As a neglected architectural opportunity, "Now is the time for Railroads to
Capitalize on their War Record. On the Modernization of Railroads, the Stations
constitute the most Backward Single Element". Illustrations of large and small
Stations. Architectural Record, 1943, December,

Stations—Design and Modernizing of Stations—Railway Age, 1944, March 11 and Sep-
tember 9, pp. 496 and 410—American Railway Bridge and Building Association, Pro-
ceedings, 1943—Railway Engineering and Maintenance, 1943, November, p. 872;

1944, January, p. 46.

Stations—War Reduction of Lighting of Platforms and Stations—AREA, Proceedings,

1944, p. 70.

Stations—^Two new stations for Pennsylvania Railroad—Architectural Forum, 1943, May.
Stations—Decision of Interstate Commerce Commission as to Charges for Red Cap or

Porter Service—Railway Age, 1943, September 25, p. 498.

Ticket Offices—Modernizing of City Ticket Offices—^Railway Age, 1943, November 20,

pp. 798, 809 and 815.

Freight Stations, Terminals and Yards

Chesapeake & Ohio—Moving Interlocking Cabin at Yard Entrance, Russell, Ky.—Rail-

way Signaling, 1944, July, p. 383.

Chicago & Northwestern—^Yard Tool House with Office and Lunchroom at Clinton,

Iowa—Railway Engineering and Maintenance, 1944, August, p. 714.

Chicago, Milwaukee, St. Paul & Pacific—Classification Yard at South St. Paul operated

by Oil-Electric Switching Locomotives Railway Age, 1943, December 18, p. 977.

Chicago, Rock Island & Pacific—Hump Switching by Oil-Electric Locomotives at Gales-
burg, 111.—Railway Age, 1944, May 13 and June 24, pp. 896 and 1210.

Denver & Rio Grande Western—Women as Car Checkers in Freight Yards—Railway
Age, 1944, July 1, p. 54.

Denver & Rio Grande Western—Remote-Control Electric Interlocking Plant at Yard
Entrance, Helper, Wyo.—Railway Signaling, 1944, June, p. 318.

Mexican National—Proposed Consolidation and Reconstruction of Freight Terminal
Facilities of Five Railroads at Mexico City—Railway Age, 1944, July 8, p. 77.

New York Central—Yard at Norris City, 111. for Handling Oil from Big-Inch Pipe Line

—

Railway Age, 1943, September 18, p. 446.

Norfolk & Western—Yards at Norfolk and Roanoke, Va.—Railway Age, 1943, Decem-
ber 11, p. 936—Civil Engineering, 1943, July, p. 307—Manufacturers' Record, 1943,

May.
Chicago, 111.—Proposed Consolidated Freight Terminal—Railway Age, 1944, March 18,

p. 572.

Philadelphia, Pa.—Petroleum Storage Terminal of Standard Oil Company Receives Oil

by Rail and Delivers it to Shops—Civil Engineering, 1944, January, p. 18.

Pittsburgh, Pa.—Proposed $3,000,000 Rail, Road and Water Terminal—Engineering News
Record, 1944, June 1, p. 75.

Car Interchange—Interchange of Freight Cars on Railways in Argentina—Railway
Gazette (London), 1944, April 21, pp. 406 and 414.

Car Interchange—Faster Movement of Cars Needed Through Interchange Points—Rail-

way Age, 1944, September 30, p. 504.

Coal Tipple—Tipple at Loading of Tracks at Salt Lake City—Coal Age, 1944, July, p. 71.

Coal Dumper—Dumper for Motor-Trucks Loading Railway Cars—Coal Age, 1944,

March, p. 82.

Coal Tracks—Cars on Two-Stub Tracks Elevated five feet above Three Driveway Dis-

charge through Side Doors through Chutes to Motor Trucks, London, Midland &
Scottish Railway—Railway Gazette (London), 1944, June 16, p. 618.

Express Terminal—New York Terminal of Railway Express Agency, Chain Conveyors;
5 tracks, 3 platforms, tail-board space for 48 motor trucks—Railway Age, 1943,

October 16, p. 602.

Freight Houses—Modernizing of Freight Houses and Offices at Milwaukee and La Crosse

by Chicago, Milwaukee, St. Paul & Pacific—Railway Engineering and Maintenance,
1944, September, p. 802.

Freight Terminal—Merchandise Mart Building, Chicago; Bus Railway Terminal in

Basement with Loading Platform for 80 Motor Trucks; all Served by Freight

Elevators—Civil Engineering, 1944, February, p. 51.



Yards and Terminals 79

Freight Terminal—Model of Bishopsgate (London) Freight Terminal Shows Proposed

Enlargement—Railway Gazette, 1943, October IS, p. 396.

Freight Traffic—Perishable Freight Traffic on Canadian National Railways—Canadian
Transportation, 1944, April, p. 163.

Freight Traffic—Perishable Freight Traffic on Erie Railroad—Erie Railroad Magazine,

1944, June, p. 8.

Refrigerator Cars—Cars for Overhead Loading, Canadian Pacific—Railway Age, 1943,

September 11, p. 433.

Scales—Standardizing Design to Reduce Amount of Steel Required—Railway Age, 1943,

October 9, p. 573.

Scales—Specifications for Scales in Railway Service—AREA, Proceedings, 1944, p. 603.

Stockyards—Controversy over Railway Service and Charges at Cleveland—Railway Age,

1943, October 23, p. 663.

Switching Locomotives—Oil-Electric Yard Engines at South St. Paul (C. M. St. P. & P.)

and Galesburg (C. R. L & P.)—Railway Age, 1943, December 18, p. 977; 1944,

May 13 and June 24, pp. 896 and 1210.

Switching Locomotives—Canadian Pacific; 1,000 HP., 120 Tons—Canadian Transpor-

tation, 1943, November, p. 572.

Switching Locomotives—Oil-Engine Locomotives (C. M. St. P. & P.), 1,000 HP., 120

Tons—Railway Age, 1944, August 12, p. 281.

Switching Locomotives—Oil-Engine Locomotives for Road Switching, Chicago, Rock
Island & Pacific—Railway Age, 1944, May 18, p. 535—Railway Signaling, 1944,

August, p. 378.

Switching Locomotives—Oil-Engine Locomotives, Mississippi & Illinois Bridge & Belt

R. R.—Railway Age, 1943, October 9, p. 566.

Switching Locomotives—Westinghouse Oil-Electric Locomotives of 65 and 80 Tons

—

Railway Mechanical Engineer, 1944, January and February, pp. 35 and 81.

Yard Communication—Radio Between Yardmaster and Switching Crews at Los Angeles;

Atchison, Topeka & Santa Fe—Railway Signaling, 1944, July, p. 386.

Yard Communication—Radio Between Yardmaster and Yard Engine Crews at Burr Oak
and Blue Island Yards, Chicago, Rock Island & Pacific—Railway Age, 1944, June 24,

p. 1210—Railway Signaling, 1944, July, pp. 378, 381.

Yard Communication—Loud Speakers on Poles enable Hump Office and Yardmaster's

Office to Give Instructions to Skatemen and Yard-Engine Crews at Markhara Yard,
IlUnois Central, Chicago—Railway Age, 1944, March 25, p. 600—Railway Mechan-
ical Engineer, 1944, February, p. 86—Railway Signaling, 1944, February, p. 95.

Yard Communication—Loud Speakers Expedite Work at Classification Yard in Scot-

land; London & Northeastern Railway—Railway Gazette (London), 1944, May 12,

p. 507.

Yard Communication—Communication between Conductors and Enginemen of Hump
Locomotives at Roanoke Yard; Norfolk and Western—Signal Section, AAR, Pro-
ceedings, 1944, Vol. 41, No. 1, p. 29.

Yard Communication—Communication between Hump Office and Yard Engines in

Typical Hump Yard—Railway Signaling, 1943, December, p. 670.

Yards—Four Modern Classification Yards Having Humps and Car Retarders—AREA,
Proceedings, 1944, p. 77.

Yards—Fire Protection Service—Railway Age, 1943, October 30, p. 687.

Yards—Grass and Weed Destruction—AREA, Proceedings, 1944, p. 136.

Yards—Hump Grades—AREA, Proceedings, 1944, p. 604.

Yards—Improvements Planned for 1944—Railway Age, 1944, March 11, p. 495.

Yards—Operating Facilities and Services at Freight Yards—American Association of

Railroad Superintendents, Proceedings, 1944—Railway Age, 1944, May 27 and
June 6, pp. 1018 and 1073.

Yards—Power-Operated Switches and Car-Retarders Expedite Switching—Railway Age,

1944, May 20, p. 969.

Yards—Preparing for Winter Work—Railway Engineering and Maintenance, 1943,

November, p. 891.

Yards—Post-War Developments—Civil Engineering, 1944, February, p. 52.

Yards—Reports of Performance at Large Yards and Freight Stations—Railway Age,

1944, September 30, p. 517.
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Locomotive Terminals and Railroad Shops

Baltimore & Ohio—Facilities for Repair of Oil-Engine Locomotives at Baltimore Shops

—

Railway Mechanical Engineering, 1944, April, p. 154.

Baltimore & Ohio—^New facilities at Cowen, W. Va.—Railway Age, 1943, September,

p. 414.

Baltimore & Ohio- -Terminal at Willard, Ohio, for Oil-Engine Freight Locomotive Making
1,200-Mile Round Trips—Railway Mechanical Engineer, 1944, September, p. 393.

Chicago, Rock Island & Pacific—Improvements at Armourdale, Kans. (Kansas City) to

Expedite Service for War Traffic—Railway Age, 1944, September 2, p. 365.

Chicago, Burlington & Quincy—Shop for Construction and Repair of Steel and Wood
Cars—Railway Mechanical Engineering, 1944, May, p. 222.

Illinois Central—Locomotive Washing at Chicago Terminal—Railway Mechanical Engi-

neering, 1944, March, p. 127.

London & Northeastern (England)—Locomotive Inspection Shed and Engine Houses
for War and Blackout Conditions—Engineering News-Record, 1944, July 13, p. 105

—

Railway Gazette (London), 1944, May 19, p. 524—The Engineer (London), 1944,

March 17, p. 217—Railway Age, 1944, September 9, p. 425.

London & Northeastern—Reconstructed Terminal has Rectangular Engine House with
14 Tracks for Steam and Electric Locomotives—Railway Gazette (London), 1943,

October 1, p. 334.

London, Midland & Scottish (England)—Car Body Lifting Machines for 10-ton Cars
and Locomotive Wheeling Device—^The Engineer (London), 1944, August 11, p. 102.

London, Midland & Scottish—Maintenance System for Oil-Electric Switching Locomo-
tives—The Engineer (London), 1944, April 14 and 21, pp. 287 and 314—Railway
Gazette (London), March 31, p. 334.

Mexican National Railways—Plans for Consolidating Engine Terminal Facilities at

Mexico City for Five Railroad Lines—Railway Age, 1944, July 8, p. 77.

New York Central—Reconstruction of Terminal at Bellefontaine, Ohio, Burned in Sep-
tember, 1943—Railway Age, 1944, May 13, p. 889.

Norfolk & Western—Time Study of Engine Servicing—Railway Mechanical Engineering,

1944, January, p. 18.

Norfolk & Western—Improvements at Roanoke, Va.—Railway Mechanical Engineering,

1944, March, p. 103.

Southern—Car Repair Shop at Spencer, N. C.—Railway Mechanical Engineering, 1944,
September, p. 416.

Car Shops—Design and Equipment and Spray Painting Facilities—^AREA, Proceedings,

1944, pp. 80 and 155.

Coaling and Sanding Plants—Modern Facilities—AREA, Proceedings, 1944, pp. 160,
164—American Railway Bridge & Building Association, Proceedings, 1943—Railway
Engineering and Maintenance, 1943, November and December, pp. 805, 964—Rail-
way Age, 1943, October 30 and November 6, pp. 684 and 731.

Terminal Performance—Reports of Handling Locomotives will Expedite Service—Rail-
way Age, 1944, September 30, p. 517.

Terminals and Shops—Improvements Planned for 1944—Railway Age, 1944, March 11,

pp. 495 and 496.

Terminals and Shops—Relation of Mechanical Facilities to Locomotive Service and Per-
formance—AREA, Proceedings, 1944, p. 38.

Turntables—Revised Clearance Diagram—^AREA, Proceedings, 1944, p. 186.

Water Service—Water Columns; Dependability is Important—Railway Engineering and
Maintenance, 1943, October, p. 747.

Water Service—Facilities for Water Supplies for Locomotives and Passenger Trains;
Tank Design—AREA, Proceedings, 1944, pp. 551 and 599.

Water Service—^Treatment of Boiler Water—AREA, Proceedings, 1944, p. 53.

Water Service—Water and Fuel Stations Improved for Better and Quicker Service

—

Railway Age, 1944, May 20, p. 983—Railway Engineering and Maintenance, 1944,
April to August, pp. 348, 441, 529, 615 and 702.
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Rail and Water Terminals

Cape Town—Plans for Marine Station for Passenger Trains at the New Docks

—

The
Engineer (London), 1944, April 28, p. 334.

Cherbourg—Waterfront Railway Station for Trans-Atlantic Passengers; Concrete Arch
Ribs Destroyed in this War—Engineering News Record, 1944, July 6, p. 6.

Chimbote, Peru—Concrete Pier 600 ft. as Extension of 2,600 ft. Rock Fill in Deep
Water. Pier has Mechanical Equipment for Loading Coal and Ore—Engineering
News-Record, 1944, September 21, p. 360.

Durban—Coal-Shipping Device for Handling Soft Coal with Minimum Breakage

—

The
Engineer (London), 1944, June 9, p. 445.

Car Ferry—New Oil-Engined Four-Screw Ice Breaker Car-Ferry for Service Between
Port Borden, Prince Edward Island, and Cape Tormentine, New Brunswick

—

Canadian Transportation, 1944, May, p. 269.

Car Ferry—Car-Ferry Steamers of Southern Railway, England, Transport Military
Railway Equipment to Cherbourg—Railway Gazette (London), 1944, September 8,

p. 240.

Car Ferry—Note on Design of Side-Wheel Car-Ferry Steamer for Dover-Calais route in

1872. Passenger Cars on Main Deck, Freight Cars in Hold Served by Hydraulic
Elevators—Railway Gazette (London), 1944, February 18, p. 159.

Cargo Coal—Mechanical Handling Apparatus for Loading Coal into Steamers at Eng-
lish Ports—Railway Gazette (London), 1944, January 7, February 4, March 3,

April 14 and May 12.

Export Freight—Handling Export Traffic at Ports—Railway Age, 1943, September 4
and October 22>, pp. 385 and 658; 1944, March 18, p. 567.

Export Freight—Charges on Freight Cars Delivered to US Army Base Piers at Nor-
folk—Railway Age, 1944, April 22, p. 789.

Waterways—Statistics of Cost of Waterway Transportation Should Include Taxes

—

Railway Age, 1944, June 10, p. 1122.

Report on Assignment 5

Produce Terminals

W. H. Giles (chairman, subcommittee), A. L. Becker, G. F. Hand, W. J. Hedley, J. S.

Knight, H. L. Ripley, E. E. R. Tratman.

This is a progress report, presented as information.

The subject of "Produce Terminals" was treated at length in the report of the

Yards and Terminals Committee in the Proceedings for 1932, Vol. 33, pages 116 to 125,

inclusive. The data contained in that report were assembled and submitted in a final

report in 1933; this report being approved and included in the Manual (pages 14-28 to

14—31, inclusive).

Just prior to the outbreak of the present war certain railways constructed facilities

for handling railway perishable freight shipments as adjuncts to established wholesale

produce markets or as adjuncts to such produce markets provided by others as a part

of the complete produce terminal developments. At these installations the railways have
provided the primary units for handling carload shipments prior to distribution or

reconsigning. These include receiving and delivery yard, inspection and re-icing tracks,

team tracks, sorting sheds and appurtenances. The wholesale produce markets, provided

by others, are situated either adjacent to or within easy access of the railway facility

and, in either case, certain units of the market are served directly by railway tracks.

The distribution of produce passing through a wholesale market to a metropohtan

area is made by means of delivery to the retail merchants from team tracks, stores and
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platforms served either by railway trackage, by common carrier by truck, by truck from

local producers or by any combination of these forms of transportation.

Two Distinct Facilities

On the premise that a definite line of demarkation exists between the services to be

provided by the railway and the services to be provided by the wholesale market, your

committee feels that the general term "Produce Terminals" should be considered to

include at least two separate and distinct facilities, viz.:

1. A railway perishable freight yard comprising a receiving and delivery yard

for assembling freight cars; an inspection yard where cars are placed for inspec-

tion, reconsigning and re-icing; a team yard for loading and unloading of cars;

sorting and cooperage sheds and appurtenances tributary to such railway facility;

and

2. A wholesale produce marketing facility comprising store or sales buildings;

facilities for cooling and ripening vegetables and fruits; cold storage warehouse;

auction house; platforms or other structures for accommodating the local pro-

ducer and truckers; together with any railway tracks serving directly any or all

of such facilities.

With a few exceptions, the material now contained in the Manual is considered

complete with respect to details; however, this committee considers it desirable to

reassemble the data contained therein in such a manner as to differentiate between facili-

ties included in a "Railway Perishable Freight Yard" and in a "Wholesale Produce

Market" which together comprise a "Produce Terminal."

This conclusion of your committee is submitted as a progress report with the under-

standing that next year the Manual material will be appropriately rearranged along the

lines set forth in the foregoing.

Report on Assignment 7

Freight Car Repair Facilities

W. O. Boessneck (chairman, subcommittee), C. J. Astrue, H. F. Burch, W. H. Giles,

G. F. Hand, E. M. Hastings, W. J. Hedley, H. C. Lorenz, L. L. Lyford, H. L.

Ripley, W. B. Rudd, R. W. WilUs.

A report on this assignment was made in full last year and submitted as information.

The committee has continued its study of the subject with a view of submitting recom-

mendations for inclusion in the Manual. As a result of this study, which was based on

the information contained in last year's report, the committee believes that sufficient

changes in operation and design have taken place, since the recommendations now pub-

lished in the Manual were adopted, to warrant a revision of the Manual material.

It was stated in last year's report that the information covering heavy car repair

facilities was considered insufficient to be used as a basis in determining a trend toward

changes in design or operation of such facilities and no changes are contemplated in the

Manual material pertaining to heavy car repair facilities.

The following revisions are recommended in the Manual and apply only to light

car repair facilities:
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Under Article 334, Page 14-24

1. Substitute for paragraph (c), which at present reads: "(c) The capacity

of the individual repair tracks should not exceed 15 cars each, and in computing

this capacity, SS feet should be allowed for each car.", a new paragraph as follows:

"(c) The desirable capacity of repair tracks depends on the capacity of the repair

yard and the service required. In computing car capacities, 55 feet should be

allowed for each car."

2. Substitute for paragraph (d), which at present reads: "(d) The spacing of

repair tracks should be alternately 16 feet and 24 feet center to center and they

should preferably be connected at both ends.", a new paragraph as follows:

"(d) The desirable spacing of repair tracks is alternately 18 and 24 feet center to

center and preferably they should be connected at both ends unless switching or

space requirements will not justify the added expense of the double ended yard."

3. Substitute for paragraph (e), which at present reads: "(e) A material track

should be placed between the repair tracks which are spaced 24 feet center to

center.", a new paragraph as follows: "(e) A paved driveway should be placed

between the repair tracks with wide centers and paving is also desirable between

the tracks with the narrow spacing."

Report on Assignment 10

Design and Location of Engine Laundries and Blow-Off
Pits at Engine Terminals

Collaborating with Committee 6—Buildings

H. C. Lorenz (chairman, subcommittee), H. Austill, A. L. Becker, W. H. Bettis, W. H.
Giles, W. J. Hedley, H. H. Hopkins, L. L. Lyford, J. N. Todd, V. R. WalUng.

This is a final report, presented as information.

Engine Laundry
Methods

Two general methods are employed in washing the running gear of locomotives at

the washing platform. In one, hot water and a paraffin oil solvent are applied with a

hose and nozzle connected to a motor-driven pump; in the other, steam and hot water

are applied with powdered soap by means of a high pressure cleaning jet. The tenders

and upper portion of the locomotives are usually wiped by hand in the engine house.

However, in some instances the tender is cleaned at the washing platform with a brush

attached to a hose, using hot water and powdered soap.

Type of Platform

At terminals where locomotives are washed, platforms should be provided for the

purposes of drainage and use by workmen. The platform should be of a permanent type

of construction, preferably of concrete, with a surface that may be readily cleaned.

Any wood ties or blocks used as rail supports should be of treated timber. The surface

of the platform should be at approximately the top of rail elevation.

Size of Platform

The platform should be of sufficient size to provide drainage and to accommodate

the men doing the work of cleaning the locomotive. The width should not be less than
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7>2 ft. from the center of the track. Where washing is done on two adjacent tracks, the

platform should be continuous between the two tracks. It should be of sufficient length

to take care of the longest locomotive, including the tender, and in general should be

approximately 10 ft. longer than the longest locomotive and tender to be washed.

Location

Washing platforms are usually located on the entrance track or on the track between

the cinder pit and the turntable, and in some instances are combined with the cinder pit,

although this increases fire hazard.

Drainage

The platform should be adequately sloped and should have a sufficient number of

openings leading to a sewer in order to remove waste water from the platforms as rap-

idly as possible. A catch basin or basins should be provided to keep dirt out of the

sewer system, and in case oil is used in the cleaning process, it may be desirable to

provide some means of preventing the oil from entering the sewer system and possibly to

provide an arrangement for reclaiming the oil.

Lighting

At terminals where the washing of locomotives is done at night, platforms should be

provided with adequate lights. In some instances the general lighting at the terminal

may be adequate. If not, it may be supplemented vdth incandescent lamps mounted on

poles at the side of the platform or with additional flood lights.

Housing and Location of Machines

If a stationary machine is used in the washing process, a building should be provided

near the washing platform to house the machine and auxiliary apparatus. At terminals

where a portable machine is used, it may be housed in the enginehouse or some other

building conveniently located.

Oil Storage

Where oil is used in the cleaning process and where the amount of cleaning war-

rants, a storage tank should be provided and the oil piped directly to the machine.

Otherwise the oil may be kept in barrels or drums and handled by hand to the machine.

Blow-Off Pit

An engine laundry drainage system can be designed with a depression between the

rails so it can also be used as a blow-off pit when the number of engines serviced and

method of servicing will permit.

At some engine terminals, the number of engines serviced and the manner of servic-

ing is such that separate blow-off pits are required. These may be located between the

engine laundry and the turntable, or on the outbound engine lead so engines can be

blown down after leaving the roundhouse.

The blow-off pit should be of a permanent type of construction, preferably of con-

crete. The depth and length of the pit should be such that water, condensed steam and
sludge will not overflow at the ends of the pit. The floor should be sloped so it is lower

at one end, with an opening leading to a sewer.
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Committee

To the American Railway Engineering Association:

Your committee reports on the following subjects:

1. Revision of Manual.

No report.

2. Preparation of specifications for railway buildings.

Progress report

3. Design of shop facilities for Diesel locomotives

Final report, presented as information

page 86

page 87

4. Prefabricated buildings for railway use.

No report.

5. Fire-retardant coatings.

Progress report, presented as information. page 93

Means of conserving labor and materials, including the adaptation of sub-

stitute non-critical materials, and specifications for the reclamation of re-

leased materials, tools and equipment, collaborating with Committee 3A

—

General Reclamation of the Purchases and Stores Division, AAR.

Progress report, presented as information page 105

The Committee on Buildings,

A. B. Stone, Chairman.

AREA Bulletin 449, December 1944.
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Jfranfe aR. Sfubb

It is with profound sorrow that Committee 6—Buildings records the death on March

19, 1943, of Frank R. Judd, one of its most active members.

Mr. Judd was born in Hamilton, Ont., on May 28, 1882, and moved to the United

States at the age of seven, later becoming a naturalized citizen of this country.

He was graduated in 1899 from Chicago Manual Training Institute, and supplemented

this training with courses in bridge engineering, mechanical engineering, civil engineering

and the internal combustion engine.

Practically his entire career was spent in railroad work. He served as engineer of

buildings on the Illinois Central from October, 1915 until his retirement August 31,

1943, because of illness, after 43 years of service with the Illinois Central System.

While Mr. Judd was engineer of buildings he designed and supervised the con-

struction of some of the largest building developments on the Illinois Central, among

which were the Paducah Shops, the Markham Yard buildings, the passenger stations

at Jackson, Miss., and Baton Rouge, La., and the office building and station at 63rd

street, Chicago.

He became a member of the American Railway Engineering Association in 1919 and

actively served the Association as a member of Committee 6—Buildings from 1920

until the time of his death. He was chairman of the committee from 1927 to 1930.

One of the important subjects assigned to this committee during this period was

the preparation of a set of specifications for i-ailway buildings, and Mr. Judd served

as chairman of the subcommittee to which this work was assigned.

He also served at various times on the Committee on Standardization, the Committee

on Clearances, the Special Committee on Waterproofing of Railway Structures, and the

Committee on Uniform General Contract Forms.

He was a member of the American Society of Civil Engineers and the American

Society for Testing Materials.

A man of broad experience, keen judgment and pleasing personahty, he held the

respect and friendship of all his associates, and was recognized as a leader in his

profession. The Association has lost one of its most valued members and his passing

is recorded with sincere regret.

Report on Assignment 2

Preparation of Specifications for Railway Buildings

O. G. Wilbur (chairman, subcommittee), G. A. Belden, C. E. Booth, H. M. Church, W. G.
Harding, L. P. Kimball, E. S. Lank, H. C. Lorenz, W. E. Webb.

National Emergency Specifications for Structural Steel for Buildings

Under date of September 10, 1942, the War Production Board issued National Emer-

gency Specifications for the Design, Fabrication and Erection of Structural Steel for

Buildings. An emergency sheet was inserted in the Manual, page E-6-1, which states

that the specifications for structural steel and iron. Manual pages 6-47 to 6-66.2, in-

clusive, are superseded for the duration of the war by the WPB National Emergency

Specifications for the Design, Fabrication and Erection of Structural Steel for Buildings.

This emergency specification has been revoked by the WPB, effective October 4, 1944,

under Bulletin WPB-6607, and in consequence thereof, page E-6-1 becomes void.
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Report on Assignment 3

Design of Shop Facilities for Diesel Locomotives

N. D. Howard (chairman, subcommittee), C. M. Angel, A. C. Copland, A. G. Borland,
VV. T. Dorrance, A. T. Hawk, C. D. Horton, L. H. Laffoley, O. G. Wilbur.

This is a progress report, presented as information. The previous report on this

assignment appeared in the Proceedings, Vol. 44, 1943, page 235.

There have been many developments in shop facilities for Diesel-electric locomotives

since the first such locomotives were put in service on the railways in 1934, and par-

ticularly during the last two or three years with the growing adaptation of Diesel power

in multiple units to road freight and passenger locomotives. Until recent years, as each

road began to purchase Diesel-electric power for road or switching service, the require-

ments with regard to shop facilities were fulfilled by the adaptation of existing steam

locomotive facilities—shop, enginehouses, or other buildings—and a number of roads

have attempted to carry out inspection and routine maintenance work in the open over

specially constructed inspection pits, or simulated pits produced by raising the track

rails up on continuous longitudinal timbers.

A Natural Development

These often makeshift facilities were a natural development while the number of

Diesel units on any one road was limited, while their runs or assignments were experi-

mental, and while the field of Diesel application in general was full of so many uncer-

tainties—or possibilities. That attention was turned first to the utilization of existing

locomotive repair shops was a natural consequence also of the depression period, when

few roads were in a position to make sizeable expenditures for any but the most neces-

sary improvements, and especially at a time when both passenger and freight traffic

were such that many roads had ample steam locomotive inspection and repair facilities

to turn over to the maintenance of the limited number of Diesel units then being

acquired.

Not all of the early facilities provided for Diesel locomotive maintenance were poorly

adapted for the classes of work required, or at least not subject to proper adaptation to

these classes of work, and it is to be expected that many roads in the future can, to

advantage, make use of existing steam locomotive repair shops, in whole or in part, as

they become available, for both routine maintenance and heavy repairs. However, in the

light of experience in Diesel locomotive maintenance thus far, it appears that most exist-

ing building facilities on the railways can be utilized effectively in Diesel inspection,

maintenance and repair work, with maximum efficiency and economy in such work, only

if they are modified in design and equipment as may be necessary to this end. To
attempt to employ such facilities without those changes necessary to the entirely different

classes of work involved in Diesel locomotive maintenance and repair, is certain to help

defeat one of the basic advantages in Diesel power—maximum availability—through

wasted shopping hours, while at the same time increase maintenance and repair labor

costs.

In spite of the extent to which existing steam locomotive facilities will continue to

be employed for Diesel shop work, there is today a distinct trend toward the provision

of new facilities for such work. In fact, at the time this report is being prepared, new
facilities are planned or are under construction on a considerable number of roads. This

trend has been given impetus on some roads by the unavailability of working space in
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existing locomotive repair facilities, many of which have been overcrowded with steam

power work since the onset of the war, but it has its basis primarily in a better under-

standing of Diesel locomotive operating, maintenance and repair requirements, and a

desire to meet these requirements most expeditiously and efficiently, especially where

any considerable number of locomotive units are involved or are contemplated. It has

been influenced also by the increasing use of multiple-unit Diesel locomotives in road

freight service, which are too long to house in most existing enginehouses and in many
existing shop buildings.

Depends on Many Factors

The extent and type of Diesel shop facilities required on any road depends upon

many factors, including the number of Diesel units involved; operating conditions and

schedules of the road or territory where they are to be employed; the road's policy in

carrying out the repairs, which may be influenced by its proximity to the services and

facilities of the manufacturers; the road's poUcy with respect to making general repairs

—whether on a progressive (distributed) basis, or a periodic basis; and the availability

of existing locomotive shop facilities. The above factors may also have an important

bearing upon the character and extent of shop tools and other equipment provided.

Fundamentally, Diesel-electric locomotive shops divide themselves into three general

types. One of these types is for carrying out regular inspection and routine running

maintenance, which includes Interstate Commerce Commission monthly and annual in-

spections, routine replacements and repairs, including wheel and truck changes, due to

use, wear or failures in service operations. A second type of shop is that designed for

heavy maintenance and general repair operations, including the overhauling of engine

units; the repair and overhauling of generators and traction motors to the extent dic-

tated by the policy of the road; and wheel, truck, body and frame work as required.

The third type of Diesel shop is, in effect a combination of the two already mentioned,

incorporating the features of both for routine inspection, maintenance and heavy repairs

to the extent dictated by policies and requirements. In other words, the third type of

shop is merely an extension of the first type mentioned, with the necessary additional

facilities to permit the heavier classes of work called for. Compared with an installation

of the first and second types of shops located at a distance from each other, the third

class, where it can be utilized to advantage, will require somewhat less equipment and

auxiliary shop areas to handle the same volume and scope of work.

Running Maintenance Shop

Shops for the inspection and routine maintenance of Diesel locomotives should, in

general, be of the transverse type. The building itself may be of any substantial type of

construction, with ample headroom, with large window areas to afford maximum well-

diffused, non-glaring daylighting, and capable of being maintained to a high standard

of cleanliness and general appearance. In all cases, the building should be served by a

service track and should be afforded ready access by trucks and other highway vehicles

for the delivery of parts and other supplies.

Within the building, certain features are essential to efficient maintenance operations

and working conditions, including suitable inspection pits; the proper relation of the

track level to the floor level; elevated working platforms; means of removing wheels

and trucks; a parts cleaning room and a parts reconditioning room in proper relation

to each other, to a storeroom, and to the elevated working platforms; a suitable exhaust

system for engine gases; and provision for adequate heating and artificial illumination.
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The shop building, if to handle present-day four-unit freight locomotives, should be

approximately 220 ft. deep. Its width should be based upon the number of maintenance

or repair tracks to be incorporated, allowing adequate working room between the centers

of such tracks (some roads are allowing for platforms as much as 23 ft. wide), with

adequate working room also between each outside track and the building wall faces.

Depends on Number of Locomotives to Be Maintained

All tracks, the number of which should depend upon the number of locomotives

to be maintained, should be served by continuous, well-drained concrete inspection and

working pits, with a minimum depth of 4 ft. below top of rail. Some mechanical officers

prefer deeper pits than others, feeling that it is preferable to employ boxes and staging

in such pits to carry out the operations called for, rather than that the workmen in the

shop be cramped continuously when moving through the pits.

The general floor level between adjacent pits should be depressed 30 in. below the

top of rail, a feature designed to facilitate the inspection of and work on locomotive

trucks and brake riggings. All of the depressed floor area should be of concrete, or of

wood blocks or other suitable material on a concrete base. Regardless of the number of

pit tracks provided initially in the shop, the ground layout and wall construction along

one side should be arranged to permit future expansion if there is any likelihood that

adchtional pit tracks will be required at a later date.

Considering the shop from the standpoint of a nucleus of three pit tracks, two of

the tracks should be designed for inspection and repair work, while the third should be

provided for truck and wheel work. The truck track should lie along one side and should

be stubbed at the length necessary to accommodate the trucks to be handled at the shop.

All repair tracks should have facilities available for removing wheels and trucks, in

the form of an overhead crane, locomotive hoists, high-speed power jacks or drop tables.

If drop tables are to be provided, and this type facility has a number of special advan-

tages, especially where multiple-unit locomotives are involved, they should have a

capacity of 50 to 75 tons, depending upon the class of power and specific operations to

be carried out. The transverse pit serving such tables should be sufficiently deep to permit

the table serving the outside repair track in the shop to pass beneath the table serving

the second repair track, without interfering with operations on the latter track. Where

more than three tracks are required in a shop of this character, they should each have

an inspection pit, but it will be seldom necessary that more than two be equipped with

drop tables.

Elevated Platforms

Another highly desirable feature in such shops is the provision of elevated working

platforms occupying the entire area between adjacent locomotive repair tracks, and also

along the outer sides of outside repair tracks, regardless of the number of these tracks.

These platforms should be at engine floor level, with their outer edges in all cases 514 ft.

from the center lines of the adjacent tracks, and should be of such deck construction

as to provide 6 ft. under clearance above the depressed general floor level beneath them.

The platforms may be constructed of wood, concrete, bridge-deck steel grating or other

suitable material, the grating having the advantage of shallow construction and of per-

mitting added daylighting and ventilation of the area beneath. Where grating is used,

consideration should be given to providing a protecting screen beneath it to assure pro-

tection from faUing tools to men working on the lower level. All of the platforms should

be suitable for the trucking of parts, and some roads are finding it advantageous to

equip them with a series of work benches, usually placed opposite the cab door of each

locomotive unit.
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To permit ready access to the sides of locomotives for truck inspection and repair

work, the elevated platforms should be supported on columns at wide centers, set back

approximately 5j4 ft. from the near track rail. Furthermore, in the interest of freedom

of movement beneath the platforms, these columns should be as small in cross section

as possible.

At the front of the building, the elevated platforms should be served by ramps and

stairs to the normal shop floor level, and, as conditions may dictate, the platforms may
well have stairs at about the mid points of their lengths to facilitate movement between

the two shop levels. Furthermore, it may be desirable in some instances to install trap

doors in the platform floors at suitable intervals to permit the hoisting or lowering of

heavy parts. Where trap doors are provided, suitable protective precautions should be

provided when the doors are open. Likewise, to facilitate the movement of workmen
across the shop at the lower level, it is of advantage to have subways across the shop,

through the different track pits, preferably at a point near the drop pit if such facility

is provided.

Other Facilities

Facilities for cleaning, repairing and storing Diesel locomotive parts should be located

at the rear of the shop track area and, in the interest of efficient operations, it is highly

desirable that they be at the same level as the elevated platforms serving the repair

tracks, and that the arrangement provided permit ready trucking between these facilities

and the elevated platforms. If the tracks in the shop are stubbed, the platforms can be

continuous around their ends, and thus permit such trucking. On the other hand, if the

tracks are continuous through the shop, some form of removable bridge will be necessary

across each track at the platform level. Likewise, it is desirable to provide for continuous

trucking from the general depressed floor level between tracks to the parts cleaning,

parts reconditioning and stores areas. Where ramps cannot be provided to permit crossing

the tracks, some arrangement of pivoted or removable bridge rails must be provided in

each of the pit tracks.

The auxiliary shop areas referred to should include a separate room for cleaning

parts, a separate room for repairing parts, and a separate storeroom. As regards the

location of these facilities, it seems particularly desirable that the storeroom extend over

the stubbed end of the truck repair track, and that the parts cleaning and reconditioning

areas be so located as to provide for the normal sequence of movement of parts through

these facilities and either back to locomotives being repaired or to stock in the storeroom.

It is also important that the storeroom be served both by rail and roadway to permit

the ready delivery of parts, materials and lubricating oil.

Provisions should be made in these various auxiliary facilities for a storeroom office

and a shop foreman's office, and, at the most suitable place in the building, for toilet

and locker room facilities. Basement areas beneath the parts cleaning and reconditioning

shops, and the storeroom, can be used effectively for certain classes of truck work, elec-

trical work, etc., and also for the reclaiming and storage of lubricating oil.

Auxiliary Hoisting Equipment
On the basis of the classes of maintenance to be carried out in this type of shop,

no overhead traveling cranes are necessary through the main shop bay if drop tables

are provided, although the provision of monorail or jib cranes at specific locations may
be desirable where the locomotives involved require that parts and units be removed
from overhead, rather than out the cab doors. Furthermore, such hoisting equipment as

may be required within the parts cleaning and reconditioning areas can be confined to

monorails or to portable or fixed jib cranes.
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General artificial lighting within the shop should be of the overhead type, providing

a minimum of shadows, and otherwise adequate to the maximum efficiency of shop

operations. This should be supplemented by moisture-proof lighting fixtures and power

receptacles at intervals along both sides of the inspection pits. Power, battery charging,

electric welding and extension cord lighting receptacles should also be provided along

all elevated working platforms as required, and beneath all such platforms as desirable

to facilitate work on the sides of trucks and underframes.

Heating throughout the shop should preferably be provided by means of unit

heaters at the roof truss level, and in cold climates, consideration should be given to

special pit heating to thaw snow and ice from the running gear of locomotives, and

thus simplify and speed up truck inspection and repair work.

To provide for the ready removal of exhaust gases from locomotives in the shop,

whose engines must be run during either inspection or maintenance operations, consid-

eration should be given to ventilating facilities. Depending upon the extent to which

scheduled operations call for the running of engines within the shop, the means of

ventilation may be of several different types, including roof louvres and exhaust jacks

located over the pit tracks. Where considerable running of the engines is contemplated,

consideration should be given to a type of ventilating system which conveys the exhaust

gases directly from the exhaust pipes of the different locomotive units to ventilators

above the roof level. This system .is not only the most efficient, but also interferes to a

minimum extent with the heating of the shop.

Provision should be made in shops for a central lubricating oil storage and reclama-

tion plant, with separate piping systems extending longitudinally beneath the centers or

edges of all elevated working platforms—one for the drainage of worn lubricating oil,

and the other for new or reclaimed lubricating oil for make-up requirements or oil

changes. Supplementing these piping systems, there should be multiple, flexible-hose con-

nections along the edges of the platform, opposite each locomotive unit position, for

effecting oil make-up or oil changes simultaneously in all of the units, or in any one or

more of the units, without the necessity of moving the locomotive from its normal

position in the shop.

Where oil reclamation facilities are provided, the same piping system for handling

new oil, through a series of valves, can be used to pipe the reclaimed oil to locomotives.

Combination Light and Heavy Maintenance Shops

In shops intended for the heavy maintenance of Diesel locomotives, including com-

plete engine, generator and traction motor overhauls, as well as for inspection and light

repair work, the facilities to be provided should be fundamentally the same as in the

case of the inspection and light maintenance shop, with the major addition of a crane

bay along one side, and suitably enlarged shop areas for engine, generator and traction

motor overhauling work, as well as for the cleaning and reconditioning parts and for

stores purposes. In other words, the features of floors, pits, elevated platforms, lighting,

heating, ventilation, lubricating oil supplies and distribution, etc. in the Hght main-

tenance section should be essentially the same as those already referred to in connection

with independent light maintenance shops.

The crane bay of a heavy maintenance shop should be located immediately adjacent

to one side of the light maintenance section and should include at least one heavy repair

track, as well as a truck overhaul pit track, this latter track being tied in with the drop

pit installation serving the tracks in the light maintenance section and replacing the

truck repair pit that would normally be located in the light maintenance section. Where



92 Buildings

only one locomotive repair track, in addition to the truck overhaul track, is to be pro-

vided in the heavy maintenance bay, this bay should be approximately 50 ft. wide, with

a concrete or other suitable floor at normal rail level. The pits in this section should be

of concrete construction, the truck overhaul pit being at least 20 ft. long, and the loco-

motive repair pit at least 100 ft. long. Immediately beyond the end of the pit area and

at the same floor level, accommodations should be provided for engine overhaul and for

work on generators and traction motors. Beyond this area, and extending beyond the

rear end of the shop proper, should be suitable areas, as in the case of independent light

maintenance shops, for the cleaning and reconditioning of parts, and for a storeroom

—

the storeroom, preferably, to be located between the engine overhaul area of the heav>'

maintenance bay and the areas for cleaning and reconditioning parts.

Again, as in the case of light maintenance shops, the storeroom area, and that

occupied by the parts cleaning and the reconditioning facilities, should be at the level of

the elevated platforms in the light maintenance section, and thus obviate trucking be-

tween two levels. With the floor in the general overhaul area of the heavy maintenance

bay at track level, this will require the provision of a ramp between this area and the

areas given over to the stores facilities and for the cleaning and reconditioning of parts.

However, this disadvantage is considered less serious than a difference in floor level

between the elevated platforms of the light maintenance section and the stores, cleaning

and parts reconditioning areas.

Traveling Crane

For the removal, handling and resetting of Diesel engines and generators, and the

handling of trucks as may be necessary, the heavy maintenance bay should be equipped

with an overhead traveling crane of at least 25 tons capacity. Additional hoisting equip-

ment, preferably jib cranes, either fixed or portable, should be provided, as necessary,

within those areas of the shop where the overhauling of engines, generators and traction

motors is to be done.

As in the case of light maintenance shops, the areas beneath the elevated floors of

the storeroom and the parts cleaning and machine shops, can be utilized for the storage

6f lubricating oil and such repair operations as may seem desirable.

Where the shop for heavy Diesel maintenance and repair is to be located entirely

independent of the light maintenance facilities, it is evident that it should have at least

all of the facilities called for in the heavy repair bay of the combined type of shop de-

scribed, plus a duplication of many of the auxiliary facilities that are required in a

strictly light maintenance shop, such as machine shop, cleaning room, storeroom, lubri-

cating oil storage, etc.

The specific shop tools and other equipment with which each shop should be

equipped do not come within the scope of this report. Suffice it to say that what will

be required will depend upon many factors, including the policy of the road as to repair

programs, whether on a progressive (distributed) basis, or a periodic basis; the policy

of the road with regard to utilizing the repair facilities of the Diesel locomotive builders

or other manufacturers; and the availability of existing shop tools and facilities at other

points on the road.

Use of Existing Facilities

As indicated at the outset of this report, it may prove possible and desirable in

some cases to adapt existing available steam locomotive facilities for Diesel locomotive

maintenance, as has already been done by a number of roads at various points. How-
ever, when this is to be done in the future, experience indicates that, in the interest of
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cleanliness—an essential in Diesel maintenance shops—and the greatest efficiency of

mechanical operations, certain fundamental features be incorporated in the adapted

facilities, some of which are similar to those desirable in new Diesel shop layouts.

Among these features is complete separation of the Diesel shop area from the steam

shop area, by the construction of partition walls, to exclude the dust, soot and moisture

normally found in enginehouses and steam locomotive shops. Where inspection and light

maintenance are to be carried out, other features should include the two working-level

arrangement recommended in new light maintenance shops, involving a continuous ele-

vated platform, at locomotive deck level, along each side of each running repair track;

a depressed general floor level, 30 in. below the top of pit rails, for a width of at least

5J^ ft. out from each pit rail; and a type of elevated platform construction which will

allow 6-ft. underclearance for workmen and ready access to the sides of locomotives for

truck and underframe work.

Still other features that should be incorporated in converted existing facilities include

a separate Diesel parts storeroom; suitable areas for cleaning and reconditioning parts,

preferably at the level of the elevated working platforms; adequate general and pit

lighting; a suitable exhaust system for the removal of locomotive gases; proper heating

facilities; and, where the number of locomotives handled warrants, a piped lubricating

oil make-up and change system. In addition, where adequate toilet and locker facilities

are not already available, they should be provided.

Report on Assignment 5

Fire-Retardant Coatings

H. M. Church (chairman, subcommittee), F. H. Alcott, C. M. Angel, E. Christiansen,

J. P. Gallagher, L. P. Kimball, E. K. Mentzer, W. E. Webb.

This report is presented as information.

The subject of fire-retardant coatings has been investigated by your committee from

the viewpoint of determining the materials known to provide fire retarding properties,

and the practical application of such coatings to minimize fire hazards. Information cur-

rently available has been obtained and compiled. It covers the compounds possessing fire-

retardant properties and paint coatings with fire-retardant properties, and the effectiveness

of the latter with regard to comparative weight losses, flame spread and other data which

are compiled in table form.

In spite of the importance of the subject there is very Umited information available

regarding practical field application of fire-retardant coatings. Further canvassings of the

field may uncover some additional application, but it is believed they will be few.

The war emergency has stimulated considerable interest in fire-protective treatments

for wood used for construction purposes in many new structures. There is likewise more

than usual interest in fire protection for wood structures already built.

Such protection can be provided by two types of treatment, impregnation with fire-

retarding chemicals and surface coatings of fire-retarding coatings. Impregnated wood
has been in use to a limited extent for many years and is an established commodity.

The Forest Products Laboratory has been interested for some time in the possibilities

of fire-retarding coatings to check the spread of fires of small size and has made some

fire tests of the effectiveness of such materials.
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Coatings Used Generally for Interior Protection

Borax-Linseed Oil Fire-Retardant Paints

Linseed oil base paints of good fire-retarding effectiveness can be made by replacing

an appreciable portion of the pigment with finely ground borax. The percentage of borax

varies with the kind of pigment as illustrated by Table A.

Table A.

—

Linseed Oil Base Formulas

Formula Formula Formula Formula
Composition of Coating A B C D

Components Percent by weight

White lead* 41.0

Titanium-calcium 30.0

Lithopone 24.0

Zinc oxide 21.0

Borax 32.0 35.0 39.5 50.0

Raw linseed oil 22.8 30.8 32.3 24.8

Turpentine 3.6 3.6 3.6 3.6

Japan drier 6 .6 .6 .6

* Basic carbonate white lead.

Water Solutions of Fire-Retarding Chemicals

Sodium silicate is an excellent fire retardant when freshly applied. The serious weak-

ness of both the straight sodium silicate coatings and the silicate coatings containing zinc

oxide, titanox, and iron oxide, as so far revealed in tests is their instability.

The inclusion of pigments in the silicate formulations improves the appearance and

brushing properties of the preparations. Sodium silicate may be applied alone, or better,

in the admixture with lime-water and common salt, or with inert fillers, such as kaolin

or asbestos. The British recommended for the protection of wood in attics against incen-

diary bomb fire, a pigmented sodium silicate preparation, and the standard composition

quoted in Specification BS/ARP/39 of the British Standard Institution is:

Kaolin ISO lb.

Sodium silicate 112 lb.

Water 100 lb.

The sodium silicate here specified is an aqueous syrup in which the ratio of silica to

soda is between 3.2 and 3.4 and which has a specific gravity of 1.41 to 1.43. Application

of two coats of the paint is specified, one gallon covering about 20 sq. yd. in two coats

(0.075 to 0.085 lb. per sq. ft. of timber surface).

Alginate Preparations

A new type of fire-retarding coating recently developed at the Forest Products

Laboratory consists of finely ground fire-retardant chemical dissolved and suspended in

an aqueous sodium or ammonium alginate gel. The three formulas in Table B have been

used for making the preparations when typical ammonium phosphate is used.

Table B.—Alginate Preparation

Composition of Coating 1

Components

Monammonium phosphate SO
2 percent sodium alginate gel SO
China clay

Dry sodium alginate

2



Buildings 95

The following formulas can be used when making these preparations when borax-

boric acid is employed

Composition of Coating J 2

Components Parts by weight

Borax (Na: B* O7 IOH2 O) 25 22.5

Boric acid 22 22.5

2 percent alginate gel 50 50

China clay 5

Whitewash

Whitewash is generally regarded as having fire-retarding properties. Significant effec-

tiveness cannot, however, be obtained with a one-coat appUcation. The following two

whitewash formulations that were tested give moderate protection when three coats

were applied.

National Fire Protection Handbook Formula (8th Edition, page 424)

Mix together 10 parts of slaked lime, 1 part of Portland cement, and sufficient

salt water to give a mixture of rather stiff consistency.

Formula 9 (Bulletin No. 304-D—^National Lime Association)

Casein 5 lb.

Borax 3 lb.

Lime paste 8 gal.

(Approximately 8 gal. of stiff lime paste are produced by slaking 25 lb. of

quicklime with 10 gal. of water, or by soaking 50 lb. hydrated Ume in 6 gal.

of water.)

Casein Paints

Casein paints possess moderate fire-retarding effectiveness if at least three coats are

applied. The effectiveness is increased if borax is introduced into the formula.

The degree of fire protection provided by three coats of whitewash or casein paint

is by no means comparable with that provided by three coats of borax-linseed oil paint,

sodium silicate, or the phosphate alginate preparations.

Developments for Exterior Uses

The U. S. Army has used a linseed oil paint containing approximately 60 percent

pigment and 40 percent liquid, with the usual opaque pigment consisting up to 50 percent

of magnesium silicate and tinting color. The liquid, however, only contains 55 percent

of raw linseed oil, the balance being volatile thinner and drier. Such a paint dries to an

elastic film of extremely high pigment volume which would be more resistant to flame

than one containing a larger percentage of organic binder such as linseed oil.

Studies are being made of fire-resistant chemicals such as diammonium phosphate,

zinc borate, zinc ammonium phosphate, anhydrous borax, chlorinated compounds, etc.

Zinc borate seems to give a smaller area of flame spread, the melting of the zinc borate

by the high temperature caused a fusing over the surface film, which is considered

advantageous.

A formula has been developed by the New Jersey Zinc Company, incorporating the

use of zinc borate as follows:
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Formula Developed by the Zinc Industry

Forn
Fire-Retardant Paint Percent Pounds

Pigment 61 percent

Albalith 64 S82
Antomony oxide 18 164
Zinc borate-3167 18 164

Vehicle 39 percent

Calcium linoleate (1) S.7 32

Chlorinated paraffin (70%) (2) 17.9 101

Chlorinated paraffin (42%) (2) 7.1 40

Gallons

Kettle bodied linseed oil (Z-3) 21.9 15.5

Kerosene 9.3 8.0

Mineral spirits 37.5 32.5

16-Percent Lead drier 0.5 0.5

6-Percent Cobalt drier 0.2 0.125

Forest Products Laboratory Bulletin No. R 1443—Fire-Test Methods Used in

Research at the Forest Products Laboratory (January 1944) describes a number of fire

test methods in current use in investigative work at the laboratory and illustrates the

variations in fire performance resulting from different kinds and degrees of fire-retardant

treatment. Some are standard methods which have been adopted by organizations con-

cerned with the subject for official testing, while others are, as yet, purely research

methods.

The methods of tests are usually divided roughly into two general groups: (1) Those

used essentially to study or evaluate resistance to the spread of fire, and (2) those used

principally to study or evaluate resistance to the penetration of fire.

Flame Spread Tests

Tests to determine resistance to the spread of flame include the fire-tube test, the

modified Schlyter test, vertical panel test, the horizontal furnace test, the ASTM crib

test, and the roof corner test.

Fire-Tube Test.—The fire-tube test was devised more than a decade ago at the

Forest Products Laboratory. Much of the information published since then concerning

the efficacy of various fire-retardant chemicals in pressure impregnated lumber has been

based upon this test. The distinctive feature of the test in laboratory investigations is

its measurement of the progressive loss of weight suffered by specimen material when

subjected to a standard fire exposure. Typical results obtained by the fire-tube method

in different investigations appear in Tables 1 to 5, inclusive.

Modified Schlyter Test.—This is an adaptation of a method described by Ragner

Schlyter and is employed to measure the tendency of a surface to propagate the vertical

spread of fire. This method has proved particularly useful in evaluating the effectiveness

of fire-retarding coatings. The distinctive feature of the test is the use of a flue effect

between parallel vertical panels for promoting the spread of flames. (Table 4)

Horizontal Furnace Test (developed from a design of furnace used by the Under-

writers' Laboratories, Inc., in 1935).—This test is essentially one to determine the resist-

ance of flame spread offered by horizontal panels or assemblies of larger dimensions than

those employed in bench tests. Flame spread in the past has been reported as the differ-

ence between the maximum length at which it was observed in the furnace and the first

two feet of length that were bathed by the igniting flames. Comparative results secured

with various types of panels are given in Table 5.
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Table 1.

—

Fire-Tube—Effect of Density of Wood, Untreated

SovTHERN Yellow Pine at Six Percent Moisture Content

Approxiiiate ,
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Table 3.

—

Fire-Tube Tests of Fire-Retarding Coatings Applied to

Southern Yellow Pine Test Specimens
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The dominating feature of these tests is the subjection of one surface of the test

panel to progressively increasing flame temperatures, in accordance with a rate of tem-
perature rise prescribed in Standard Methods of Fire Tests of Building Construction and
Materials, ASTM C 19-41, as follows:*

1,000 deg. F. at 5 min.

1,300 deg. F. at 10 min.

1,550 deg. F. at 30 min.

1,700 deg. F. at 1 hour

1,850 deg. F. at 2 hours

2,000 deg. F. at 4 hours

2,300 deg. F. at 7 hours or over

Vertical Panel Test (20 by 20-in. furnace) .—This apparatus and method have been

used extensively to obtain preliminary information about a material of construction in

panels 20 by 20 in. in size before conducting larger scale tests.

Vertical Panel Test (10 by 10-ft. furnace) .—The test of a 10 by 10-ft. panel is

identical in principle with the 20 by 20-in. vertical panel but permits the use of specimens

or assemblies of considerably greater area and possessing practical construction features.

Table 6 shows a summary of results obtained in a furnace of 4-ft. by 8-ft. panels

assembled in the wall of a furnace.

Conclusions

In conclusion, it is suggested that those experimenting in the production of fire-

retardant coatings bear in mind that the greatest efficiency is to be obtained through

the use of films having an extremely high percentage of inorganic pigments. As a part of

such inorganic pigment, there could be used compounds which are said to reduce flame,

either through their physical-chemical effects at relatively low temperatures or because

they give off vapors which would blanket the flame. Among such compounds would be

zinc borate, zinc ammonium, chlorinated products, and possibly others. Otherwise, it

would appear to matter little what type of inorganic pigment is employed. The requisite

hiding power, of course, must be provided with opaque pigments. Magnesium silicate is

often used to make up the balance of certain formulations. However, pigments that de-

compose at relatively low temperatures, emitting large volumes of toxic or suffocating

fumes are dangerous.

On wood, almost any paint affords some fire resistance, by virtue of the fact that

paint clogs the pores of wood thus retarding combustion. Special ingredients can be added

to paint to increase fire resistance. These ingredients include ammonium salts (such as

ammonium chloride). Most of these agents are water soluble and this fact hmits the

usefulness of the fire retardant paints. If such paints are exposed out of doors, rain will

leach out the fire-retardant salts and if used indoors, washing will lead to the same result.

Fire-retardant paints are somewhat corrosive, thus metal will be affected by direct con-

tact with the paint. They are also likely to have poor adhesion. Because of the many
disadvantages associated with fire-retardant paints, wood is rarely coated with them.

In general, fire-retardant wood finishes are used only where fire resistance is of great

importance.

* ASTM Standards, 1942, Part II, pages 196 to 202. The method is also approved by the American
Standards Association as American Standard AS.\ No. A2.1— 1942.
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Surface Coatings

Fire-resistant paints and similar compounds can be applied to timber surfaces with

the object of forming a film over the timber which will resist fire. This treatment is

obviously more flexible and may be less expensive than impregnation. It can also be

applied easily to timber in its final position.

On the other hand, the degree of fire resistance shown by surface coating is neces-

sarily less than that shown by timber impregnated with effective fire-retarding processes.

Most ordinary surface coatings are thin, Uke ordinary paint films, and for this reason

they are unlikely to resist a very high temperature for any appreciable length of time;

blisters form in the coating under the action of heat, and when these burst, the unpro-

tected wood is exposed. Thick coatings are more effective, but they increase the weight

of the timber considerably. Certain paints do, however, afford considerable protection

against fire, and modern protective finishes are very effective.

A fire-retarding coating of the paint type generally acts by stopping or retarding the

spread of flame along the surface of the timber. Finishes of the calcium sulfate type

have the additional advantage that they show a strong resistance during the actual period

of ignition ; an appreciable time is required for the evolution of their water of crystalliza-

tion, and until this water has been lost, the temperature cannot rise to the point where

decomposition of the wood begins.

Fire-retarding paints which contain silicates should only be used on wood which is

completely fitted in place; fire-retarding coatings, generally, will blunt sharp-edged tools

and the protected surface may be damaged or removed if an attempt is made to shape

the timber after coating.

It should be realized that properties other than fire resistance must be taken into

account when the type of coating is selected. These properties should include:

(a) Adherence of the coating to the wood.

(b) Resistance of the coating to high relative humidities, and weathering generally.

Few fire-retardant paints are suitable for outdoor use.

(c) Appearance of the coating.

Fire-retardant steel finishes have become very important for coating the inside metal

surfaces of U. S. Navy ships. The problem has been to secure paint films which do not

take fire when the opposite side of the metal is exposed to fire and also to obtain paint

that gives off non-toxic fumes during heat exposure.

The most widely used Navy fire-retardant steel paints contain a high pigment

volume which serves to reduce the amount of film forming inflammable material. Certain

pigments such as antimony oxide offer allegedly better fire resistance than other pigments.

Emulsion paints seem to be better than conventional paints. These paints are, of course,

being used only on inside metal ; they are not serviceable out of doors. They tend to

rust spot and offer quite a maintenance problem.



104 Buildings

Appendix A—Classification of Timbers According to General

Property of Fire Resistance

(By courtesy of the Forest Products Research Laboratory of Great Britain

and the Editor of "Wood"*)

1. Very High Fire Resistance

Greenheart (Ocotea rodiei)

Gurjun (Dipterocarpus spp)

Jarrah (Eucalyptus Marginata)

Karri (Eucalyptus diversicolor)

Laurel, Indian (Terminalia alata and spp)

Mora (Mora excelsa)

Okan (Cyclicodiscus gabunensis)

Padauk, Burma (Pterocarpus Macrocarpus)

Pyinkado (Xylia dolabriformis)

Teak (Tectona grandis)

White Olivier (Terminalia obovata)

2. High Fire Resistance

Acacia, false (Robinia pseudoacacia)

Ash (Fraxinus excelsior)

Beech (Fagus sylvatica)

Chestnut, sweet (Castenea sativa)

Douglas Fir (Pseudotsuga taxifolia)

Guarea (Guarea thompsonii)

Hornbeam (Carpinus betulus)

Idigbo (Terminalia Ivorensis)

Iroko (Chlorophora excelsa)

Mukusu (Entandrophragma angolense)

Oak, European (Quercus robur)

Oak, Japanese (principally Quercus mon-

golica var. grosseserrata)

Oak, Red (Quercus spp)

Oak, Turkey (Quercus cerris)

Odoko (Scottellia coriacea)

Padauk, Andaman (Pterocarpus dalbergi-

cides)

Pine, maritime (Pinus pinaster)

Seraya, white (Principally Parashorea

malaanonan)

Sycamore (Acer Pseudoplatanus)

Yew (Taxus baccata)

3. Medium Fire Resistance

Birch, Canadian Yellow (Principally Betula

lutea)

Birch, European (Betula pendula, Betula

pubescens)

Camphor, East African (ocotea usam-

barensis)

Cedar, Port Oxford (Chamaecyparis Law-
soniana)

Cedar, Western red (Thuja plicata)

Cramantree (Guarea excelsa)

Elm, Wych (Ulmus glabra)

Guarea, scented (guarea cedrata)

Larch (Larix spp)

Mahogany, African (Khaya ivorensis)

Mahogany, Honduras (Swietenia macro-
phylla)

Maple, Rock (Principally Acer saccharum)

Nargusta (Terminalia amazonia)

Oak, White (Quercus alba and spp)

Opepe (Sarcocephalus diderrichii)

Pine, Scots (Pinus sylvestris)

Pine, Slash (Pinus caribaea)

4. Low Fire Resistance

Cherry (Prunus avium)

Douglas Fir, Br. Isles (Pseudotsuga taxi-

folia)

Elm, Dutch (Ulmus nollandica var. Major)

Fir, Noble (Abies nobilis)

Horse-Chestnut (Aeculus Hippocastanun)

Pine, Corsican (Pinus nigra var. calibrica)

Pine, ponderosa (Pinus ponderosa)

Pine, red (pinus resinosa)

Podo (Podocarpus gracilior and spp)

Redwood, Baltic (Pinus sylvestris)

Sequoia (Sequoia sempervirens)

Spruce, Sitka (Picea sitchensis)

Timbersweet (Nectandra spp and Phoebe

sp.)

Walnut (Juglans regia)

Whitewood, European (Picea Abies)

* See article by J. Bryan and L. S. Doman, British Forest Products Laboratory,

1940, issue of "Wood".
in the January
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Alder (Alnus Glutinosa)

Cedar, Western red, Br.

plicata)

Elm (Ulmus procera)

Fir, grand (Abies grandis)

Fir, silver (Abies alba)

Lime (Tilia vulgaris)

S. Very Low Fire Resistance

Mujua (Alstonia Congensis)

Isles (Thuja Musisi (Maesopsis eminii)

Obeche (Triplochiton scleroxylon)

Poplar, black Italian (Populus serotina)

Poplar, grey (Populus canescens)

Willow (Salix spp)

Willow, Crack (Salix frugilis)

Balsa (Ochroma spp)

6. Extremely Low Fire Resistance

Report on Assignment 6

Means of Conserving Labor and Materials, Including the

Adaptation of Substitute Non-critical Materials

A. L. Sparks (chairman, subcommittee), C. E. Booth, H. G. Dalton, A. G. Borland,
W. G. Harding, E. G. Hewson, N. D. Howard, J. E. South.

Your committee submits the following report as information.

The picture in regard to construction materials is changing constantly, and even if

bulletins were issued weekly, it would perhaps be necessary to compile them for each

locality, or at least regionally, to insure a reasonable degree of accuracy. Over periods

of several months in the past, this would have been particularly true in the case of

Portland cement. In territories where large government projects were under construction,

the entire output of the cement mills in those territories was requisitioned for local

projects, while mills in other territories were not faced with such demands. A reverse

condition now exists as to labor in some localities where large projects have been com-
pleted, which previously employed large forces of skilled mechanics, many of whom
have not been drawn into war plant employment.

In some localities also, where war plants are ahead of schedule in their production,

forces are being reduced rather than increased, so it appears that in these areas there

may be more skilled men in the near future than there is material for them to work
with, especially for contract work. There is, however, great need for the conservation of

labor in connection with regular railroad building gangs, from which key men have been

drafted into the armed service or have been employed in war plants at higher rates of

pay. Men with seniority rights, but less skill, have been advanced to higher paid vacant

positions, so that frequently gangs do not contain men with sufficient training to do all

of the classes of work they are required to do.

To employ men with limited skill it is necessary to adopt simplified designs and
details of construction, which they can understand and carry out with fewer tools. The
more finished classes of work, such as window and door frames, could be completed

at the mills, fitted with locks and hinges, ready for installation, and thereby insure

better finished results at lower cost.
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Foundations—Rubble Stone

In localities where good stone is plentiful, skilled stone masons may be found

frequently among the older men, so that rubble foundations and retaining walls can be

constructed at considerable saving in cost. Since forms are not required in this type of

construction, no critical material will be involved.

Brick

In some cities, large quantities of used brick have been salvaged from abandoned

structures and may be purchased at reasonable prices. Brick foundations on plain

concrete footings can be constructed entirely of non-critical materials.

Conserving Concrete Forms
Where used lumber is available for forms, or where steel forms can be used, plain

concrete foundations can be constructed without priority assistance.

Where ground conditions are favorable, foundation trenches can be excavated to

exact measurement so that work below grade can be constructed without forms.

While there is continuing need for 1-in. and 2-in. lumber for the crating of war
materials, most forms for concrete work will probably need to be constructed of used

material. Gum, elm, sycamore and non-commercial species of hardwood lumber, sawed

by local milUng outfits, can be purchased in some locaUties, but since such mills do not

generally have facilities for sizing, the lumber usually comes in random widths and

lengths, and also varies considerably in thickness. Such lumber is not very satisfactory

for face forms for exposed concrete surfaces on which a rubbed or smooth finish is

required.

The use of plywood and composition boards is highly restricted, but other types

of form facing are to be had. One of these is made by one of the larger rubber com-

panies, and other manufacturers will no doubt follow with some type of non-critical

lining with which rough forms can be faced in a manner similar to that employed

where plywood and composition boards are used.

For the general run of railroad buildings designed in plain rectangular plan, it

would seem that a system of substantial demountable unit forms could be constructed

in bridge and building shops, of such design as to permit their repeated reuse, and thus

require less skilled labor and conserve lumber. Round poles and saplings could often be

used for stakes, stobs and braces.

Outside Walls

Outside brick, stone, concrete block or hollow clay tile walls can be constructed

without using restricted materials.

Wood siding for frame buildings is one of the most highly restricted items of

construction material.

Asbestos-cement siding is being used extensively where weatherboarding and drop

siding were used formerly. Slate-finished asphaltic siding in imitation brick design is

sometimes used on temporary buildings.

When asbestos siding is used for station buidings, where mail and baggage trucks

are hable to be bumped into the walls, it is advisable to construct the lower wall, to

truck-bed height, of concrete or other masonry.

Hollow concrete blocks with stucco finish is standard construction for outside walls

in some localities where bricks are not made.

Corrugated asbestos siding can be used over the same type of framing as that usually

constructed for corrugated metal and provides greater fire protection, more permanency

and less maintenance.
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Floors

Concrete floors on earth fill can be constructed without priority assistance. Small

quantities of wire mesh reinforcing can sometimes be secured from local stocks.

The upper floors of reinforced concrete will probably require the least amount of

critical material, especially if second-hand lumber is used for forms or unit constructed

forms are employed.

Finished wood flooring is highly critical and most of the more widely used floor

coverings are hard to obtain; but for the better classes of buildings, tile and marble

flooring may be used without priority assistance.

Allotments will be required generally for the purchase of steel bars, but they can

be obtained with a lower rating than that required for the purchase of wood.

For floors carrying light loads, precast concrete joists of standard sizes and shapes

are used in some locaUties. They are made in 8-in., 10-in. and 12-in. depths and are

used for spans up to 24 ft. long. They can be set free, similar to wood joists or I-beams.

Considerable information concerning their design and use can be obtained from the

Portland Cement Association or from the manufacturers.

Tables show that 12-in. joists spaced 20 in. apart in 16-ft. spans, and floored over

with 2-in. poured slabs, are capable of supporting a live load of about 75 lb. per sq. ft.

Heavier 12-in. joists, reinforced with 1-in. round bars, will support a live load of more

than 40 lb. per sq. ft. on 24-ft. spans.

Unusually light forms can be used to support the thin slabs and can be made of

short pieces of 1-in. lumber supported by the concrete joists themselves, thereby obviating

the necessity for posts and braces. Opportunity is afforded for wedging the forms in

place in a way to avoid the necessity for nailing, so there should be little breakage or

waste of form material.

Structural Framing and Roofs

With the exception of steel plates, there seems to be sufficient structural and rein-

forcing steel to fill the orders of all approved projects. Built-up plate girders, columns

and other members requiring plates are prohibited, but plates for column bases are

permitted.

The railroads may use their own second-hand steel, but on any new construction

requiring the purchase of structural steel, it is necessary to submit a proper WPB
appUcation. The rating assigned by the WPB, whether AA-1, AA-S or even lower, is

not so vital as far as steel is concerned, but the amount requested is of prime im-

portance. This is not true of most other materials, including lumber in 1-in. boards and

2 by 4 and 2 by 6 material. Higher ratings are usually necessary for the prompt delivery

of these sizes in almost any volume, and special authority may be required for the

procurement of the most critical species.

In general, material 3 in. and thicker is more readily available than smaller sizes,

such as 1-in. boards, 2 by 4 and 2 by 6 lumber. Whenever possible, the design should

use these heavier sizes. For example, 3-in. by 6-in. studs may be used on an increased

spacing, instead of 2-in. by 4-in. or 2-in. by 6-in. studs with conventional spacing. A wall

constructed with 6-in. by 6-in. or 8-in. by 8-in. columns, and girts of 3-in. material,

may be used instead of the conventional stud wall.

For a roof covering on steel purhns, steel roofing slabs, steel-bound gypsum slabs,

corrugated asbestos or corrugated metal may be used without wood sheathing or nailing

strips. On flat slopes, additional covering will be required, which may be accomplished

by leveUng the corrugations with lean concrete or gypsum mortar and covering the
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surface with built-up roofing. Gypsum board or rigid composition board can also be

used for leveling the corrugations.

Laminated gypsum board can also be used over wood rafters on close spacing and

covered with some type of mopped roofing. Precast concrete joists with thin precast

slabs can also be used without priority assistance.

When ready-made forms or used lumber are available, reinforced concrete framing

and slabs can be constructed, and with noncritical materials, except for the steel

reinforcement, which can be had on a low rating.

Inside Partitions

Partitions can be made of almost any partition material except those requiring wood
studs and wood lath. No permission is required for the purchase of brick, hollow tile,

gypsum tile, concrete blocks and structural glass blocks.

Priority assistance is required for the purchase of wood or steel studs and wood or

steel lathing, but plaster-board lathing can be used over old studs, on which hardwall

plaster can be applied. Plaster can be applied on any of the brick, tile or concrete surfaces

and completely finished without the use of critical materials.

Thin partitions can be constructed with asbestos or other composition wall boards,

laminated or separated with insulating board. Such partitions, supported at top and

bottom, can be installed without studs of any kind.

Asbestos cement, compressed wood pulp and other hard-surfaced wallboards are

used successfully where matched and beaded ceiling was formerly standard. Plywood is

also used, but it is highly restricted, hard to get, and should not be installed when
other material is available. Marble, tile, structural glass and terra cotta wall surfacings

are all obtainable without restrictions.

The various wallboards may be used for ceilings, also hardwall plaster applied to

gypsum board (rock lath), or plaster on metal lath. The latter will require priority

assistance, except for very small jobs, but can be secured on a very low rating or merely

on evidence of an assigned allotment.

Doors and Windows
Except for reconditioned second-hand material, there appears to be no substitute

for new wood or steel doors and windows, both of which require priority assistance.

In some localities, planning mills seem to have no great difficulty in furnishing sash and
doors for maintenance and repairs on AA-1 ratings.

Early in 1944, only about three manufacturers were set up for making steel sash,

and practically no surplus stocks of standard sizes were to be found or were permitted,

so that, even with proper authority and good ratings, reasonable deliveries were

problematic. It appears that additional manufacturers of steel sash will be permitted

to resume production in the near future, and it is anticipated that reasonably prompt
deliveries can be expected on ratings of AA-1, and that small orders can be filled less

promptly on considerably lower ratings.

The manufacturers' stocks are acquired on a regular CMP allotment basis and
their finished products are generally made up and dispensed only to customers holding

allotment authorities. Those of higher rating, of course, will take precedence over the

lower ones, which may be continually delayed.

Glass blocks, which are unrestricted, are being used successfully for day-lighting

in many places where steel sash was used formerly. They admit a maximum of light,

while keeping out much of the heat and glare. Ventilation can be provided by inserting

sections of hinged or pivoted steel or wood sash.
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Large sheets of plate glass may also be used without priority assistance, except for

the frames, stops or settings in which they are placed.

In many cities, stocks of used wood doors of various sizes can be found in second-

hand material yards. These can be sanded, cleaned and repaired for reuse. Priority assist-

ance is not required for storm sash and screens for existing buildings.

Hardware

Small quantities of nails can be had without assistance, but large quantities of nails,

bolts and other rough hardware items are obtainable only on about the same conditions

and terms by which steel is obtained—that is, they can be obtained on low priority

ratings, but there must be a prescribed allotment, except on small orders. Locks, hinges

and other items of finished hardware are not so easily secured, and AA-1 ratings are

necessary for prompt delivery. Small orders of odd numbers can be purchased frequently

from loeal stores without any priority assistance.

Plumbing and Heating

Except for boilers and cast iron radiators, materials are available for the plumbing

and heating of buildings and can be had generally on AA-3 ratings. Substitutions may
be necessary in many cases, such as solid vitreous lavatories and sinks for enameled

iron, and cast iron valves and faucets for brass. These do not present any serious problem

as many of the valves and faucets can be replaced by more permanent fixtures after

the war.

Buildings heated with steam from central boiler plants, and equipped with welded

pipe radiators, present no serious problems with respect to the shortage of boilers and

cast iron radiators.



Report of Special Committee on Waterproofing

of Railway Structures

J. A. Lahmer, Chairman, W. G. Harding G. E. Robinson, Vice-

F. E. Bates L. H. Laffoley Chairman,
G. E. Boyd F. J. Pitcher L. W. Walter
A. C. Copland F. P. Turner H. T. Welty
A. G. Borland T. M. von Sprecken C. A. Whipple
J. P. Gallagher Committee

To the American Railway Engineering Association:

Your committee reports on the following subjects:

1. Revision of Manual.

No report.

2. Waterproofing of railway structures.

Some very interesting comments and suggestions regarding changes in AREA specifi-

cations for waterproofing asphalts have been received from producers since this com-

mittee undertook comparative tests of waterproofing bitumens. Results of these tests

were reported last year and indicate (a) characteristics of available asphalts and coal

tar pitches which are similar to those covered by AREA specifications, and (b) their

behavior under certain conditions of test.

It is claimed the changes proposed by producers would enlarge the field of competi-

tion, without adversely affecting the quality of the asphalt for waterproofing above

ground. Before reaching a decision as to these changes, it would be necessary to conduct

another series of tests.

Changes which have taken place in the asphalt industry since adoption of current

specifications in 1934 have resulted in the disappearance from the market or the increas-

ing scarcity of some types of asphalt which were satisfactory and were then available,

and in the development of some new types.

It is recommended that a further set of tests be made to determine whether a revi-

sion of the AREA specifications is necessary or desirable.

3. Means of conserving labor and materials, including the adaptation of substitute non-

critical materials, and specifications for the reclamation of released materials, tools

and equipment, collaborating with Committee 3A—General Reclamation of the Pur-

chases and Stores Division, AAR.

No report.

The Special Committee on Waterproofing

OF Railway Structures,

J. A. Lahmer, Chairman.

AREA Bulletin 449. December 1944.
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Highways

Report on Assignment 1

Revision of Manual

A. S. Haigh (chairman, subcommittee), C. J. Astrue, Bernard Blum, H. E. Brink, P. W.
Elmore, C. D. Horton, Maro Johnson, R. B. Kittredge, A. E. Korsell, G. P. Palmer,
W. C. Pinschmidt, T. M. Pittman, L. J. Riegler, L. S. Rose, V. R. Walling.

Your committee recommends that the following charges be made in the Manual:

Fig. 932.—Details and Striping of Crossing Gate Arm. Drawing 1491B has been

revised and reissued as 1491C by the Signal Section. Revision consists of showing rein-

forcement for butt ends of gate arms 35 ft. and longer in length, and an "A" dimension

has been shown for distance between ends of butt boards. Submitted for adoption to

replace Fig. 932 now appearing on Manual page 9^6.1.

Drawing 1688A—Highway Crossing Flashing Light Signal Assembly 10 ft. and 12 ft.

Cantilever Span. This drawing is similar to Figure 907A now in the Manual which shows

a similar assembly for a 6 ft. and 8 ft. cantilever span. Submitted for adoption.

Drawing 1489A—Automatic Crossing Gate and Signal Assembly. This is a new
drawing which has been prepared and issued by the Signal Section. Submitted for

adoption.

Report on Assignment 3

Comparative Merits of Various Types of Grade Crossing Protection

Collaborating with Committee 10—Signals and Interlocking, Signal

Section AAR, and Highway Research Board

G. P. Palmer (chairman, subcommittee), Bernard Blum, F. D. Batchellor, H. D. Blake,

H. E. Brink, A. R. Dewees, C. F. Edwards, H. L. Engelhardt, Warren Henry, T. J.

Jaynes, Maro Johnson, R. B. Kittredge, W. C. Pinschmidt, R. R. Strother, E. G.

Wall, R. E. Warden.

Your committee submits the following progress report as information.

The work this year has been limited to a continuation of tests of reflectorized

signs other than button signs.

Scotchlite Reflector.—This is a powdered glass on fabric base cemented to wood or

metal crossbuck signs.

The first test signs installed August 21, 1940, have been eliminated. The cement used

failed. This cement has since been improved.

Signs installed at Central Avenue, Chicago, December 10, 1940, are still in fair

condition. Sign facing south appears to be more weathered than that facing north,

probably because of the effect of sunlight.

Signs installed at 109th Street, Chicago, on April 14, 1941, are about the same as

reported last year except that sign facing west shows more weathering than that facing

east.

Signs installed at Steele Road and Ingalls Road near Joliet, 111., in November 1941,

are in good condition. Similar signs installed the same month at Stearns Road, Chestnut

Ridge Road and Maddock Road east of Elyria, Ohio are reported in good condition.

(text continued on page 116)
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CROSSING GATE ARM

I
M-1343 log 19431 M-I942I0CT.IS42I M-I940|0ai940

AAR
SI6.SEC.

I49IC

Fig. 932.—Details and Striping of Crossing Gate Arm.
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16881 MAST ONLY with base, pinnacle

AND CANTILEVER ATTACHMENT.

16882 SIGNAL COMPL. AS SHOWN

( SPECIFY LENGTH OF SPAN
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AUTOMATIC CROSSING GATE AND SIGNAL ASSEMBLY
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Fig. 931 -A.—Automatic Crossing Gate and Signal Assembly.
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Another of the same type at Marion Road, Columbus, Ohio is at a location where

there is considerable dirt and smoke and does not indicate any better results than a

painted sign.

At State Route 199 south of Moline, Ohio, signs which were installed in July 1943,

are in good condition.

Alzak Signs.—These are metal letters using Arbuckle reflecting metal. One sign facing

east, installed at 104th Street, Chicago, on March 3, 1941, is still in fairly good condition.

Cuneo Sign.—This is a decalcomania process. Sign was installed at Lawndale Avenue,

Chicago on the Indiana Harbor Belt facing north, on April 5, 1943, and is still in good

condition.

Mirolite Sign.—This sign was installed at Lawndale Avenue, Chicago, facing south,

on January 7, 1944. The letters are of special glass with beaded face and smooth back,

on which the lettering is painted in white with a black background. This is attached to

a masonite board with special mastic and edge encased in metal molding. Recent inspec-

tion showed one glass letter broken and some of the black background has worn or

faded, leaving a gray effect which, however, is not visible at a distance; otherwise this

sign is still good.
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* Died, September 1, 1944.

To the American Railway Engineering Association:

Your committee reports on the following subjects:

1. Revision of Manual.

No report.

2. Analysis of operations of railways that have made marked progress in the

reduction of labor required in maintenance of way work.

No report.

3. Economies to be effected by more intensive supervision of gangs by super-

visory officers.

No report.

4. Organization, methods and equipment required for economic maintenance of

terminal facilities.

Final report, presented as information page 1 18

5. Labor economies of system versus division rail laying gangs.

Final report, presented as information page 122

6. The relative economy in labor for maintaining ballast deck versus open deck

bridges and trestles and approaches thereto.

Final report, presented as information page 123

7. Labor economies derived from continuous welded rail in special locations.

No report.

8. Economies that can be effected by reduction of clerical work through the

elimination and simplification of reports.

No report.

AREA Bulletin 449, December 1944.
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9. Means of increasing or conserving labor supply for the duration of the war,

advising the secretary currently of recommendations or practices that merit

emergency publication by the AREA.

No report.

The Committee on Economics of Railway Labor,

H. A. Cassil, Chairman.

The Committee on Economics of Railway Labor deeply regrets the passing of its

valued member, Elmer Thomas Howson, who died on September 1, 1944.

Mr. Howson was a member of this committee since 1923 and due to his vast

experience as a railroad man and an editor, he guided our committee in the preparation

of its work and was a valuable influence to us at all times in the consideration of our

reports.

His loss is irreparable and will be greatly felt by all of his associates.

Report on Assignment 4

Organization, Methods and Equipment Required for Economic
Maintenance of Terminal Facilities

F. J. Bishop (chairman, subcommittee), C. W. Baldridge, E. J. Bayer, J. C. Bradley,

J. G. Hartley, Roy Lumpkin, /. B. Martin, J. S. McBride, W. H. Miesse, G. W.
Miller, F. R, Paisley, R. L. Schmid, G. M. Strachan, J. C. Wallace, Edward Wise, Jr.

This is a final report presented as information. The material for the report was

obtained from the maintenance officers of a selected group of railroads maintaining

extensive terminal facilities, and geographically covers roads in all parts of the United

States, as well as Canada. The report is divided into three parts, (1) Organization;

(2) methods; and (3) equipment.

1. Organization

In general, the information received indicates that each railroad endeavors to carry

into its terminals, the same organization for maintenance as that outside the terminals

and, in fact, on some railroads, the terminal's facilities are so extensive that an entire

divisional organization is set up to handle the maintenance.

Track faciUties are under the supervision of a roadmaster or supervisor of track,

with one or more assistants depending upon the extent of the work. Under the road-

master's supervision the section foremen and gangs are assigned to specific territories

and with definite headquarters, in the same manner as is usually the practice outside of

terminals. The terminal gangs, however, due to their variety of work, are generally larger

than the road section gangs and to provide flexibility, many roads have one or more

assistant foremen in each gang, depending upon the size of the gang and the frequency

with which it must be split up to do several different jobs.

Except on one road, each foreman is assigned specific headquarters and territory,

as this has been found to be more practical and economical from the maintenance stand-
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point. One terminal company reports that it is using a floating type of section gang for

all work on track except the main lines, explaining that this works best at the present

time because of the man-power shortage and the frequent necessity of using larger gangs

at various locations, these larger gangs being made up of several small section crews.

Practically all of the railroads reporting indicate the extensive use of extra gangs.

These gangs, consisting of about 20 men, are used to handle all the larger jobs, such as

rail laying, ballasting, heavy tie renewals and yard surfacing. On some terminals such

gangs, consisting of men or women, both white and colored, are used for cleaning yards,

cleaning cars and other work of this type. One railroad has used extra gangs econom-

ically during the summer work period, such gangs consisting of 75 men. This railroad

further reports the use during a similar period, of a specialized gang of ten men for the

maintenance of crossings; likewise, a specialized gang of ten men is used by this road

for the maintenance of its drainage facilities.

Bridge and building work is usually carried on under the supervision of a master

carpenter with one or more assistants. Several types of gangs in some cases come under

the master carpenter's supervision, such as carpenter gangs for bridge and building repairs,

paint gangs, and water service and plumber gangs. These gangs in some instances have

specific headquarters, while others are shifted from one point in the terminal to another,

depending upon the nature and extent of the work. Some large engine terminals and

passenger terminals require several types of bridge and building gangs on duty daily to

maintain the facilities properly.

Practically all terminal railroads make economical use of welding crews of from two

to four men building up frogs, switch points, rail ends, railroad crossings and any

emergency welding or cutting work necessary.

2, Methods

Practically all the roads reporting state that they do not use any special methods

in the maintenance of their terminals and that their practices are the same as out on the

road. Due, however, to the heavy concentration of facilities in a relatively small area,

many of the roads have stressed the need of flexibility in the organization and methods

in order to cope with a large number and variety of emergency jobs.

Most terminal running tracks are occupied by trains a large portion of the time.

An attempt to lay rail, ballast and make heavy tie renewals or surface under traffic, is

decidedly expensive. A high degree of cooperation with other departments and particu-

larly the transportation department, is most essential for economy in terminal main-

tenance and to avoid traffic interruptions and delays. Several railroads actually utilize

the services of a trainmaster to handle the traffic properly around a section of track out

of service because of heavy repairs. Some railroads report that even with such coopera-

tion, certain tracks could not be put out of service for repair and in such cases it is

difficult to justify the use of certain specialized mechanical tools in some terminals.

One railroad reports that excellent results accrue from periodic inspections by the

maintenance officer in charge, accompanied by representatives of operating, mechanical

and safety departments. This practice leads to better cooperation and understanding of

the problems of the maintenance officer by the other departments.

Several railroads stress the need for competent mobile supervision. Maintenance men

in terminals may be distributed over several different jobs in locations that are miles

apart and the supervisory staff should be provided with automobiles in order that all

gangs may be contacted frequently.
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3. Equipment

All roads reporting use the same labor saving equipment in their terminals as they

use outside, but in addition many roads are able to justify the use of additional labor

saving tools which normally could not be justified on a road section.

The reports from the various railroads indicate very strongly the value of trucks

for transporting men and materials from headquarters to the point at which the work

is to be done, the size and type of truck, of course, depending upon its use. Light panel

trucks are used by small carpenter gangs for making emergency repairs, water service

gangs, plumber gangs and electrical maintenance gangs—many of these trucks being

equipped with small tools together with a supply of materials. Larger trucks are used

for bridge and building gangs on heavy repairs, some of these trucks having a hand

operated derrick which will enable the handling of heavy material. Power operated dump
trucks are also used extensively, removing dirt and other materials in connection with

various types of cranes and excavating machinery. Welding trucks are used extensively

for repairs to frogs and switches and have shown definite economies in practically all

terminals reporting.

Trucks in general, have saved considerable time in the transporting of men and

materials. One railroad estimates that as much as 40 percent of the time of bridge and

building gangs was lost in getting to and from work because of an attempt to use

on-track equipment.

Another very useful unit of equipment reported by several railroads is the light

rail mounted crane. This small gasoline-driven, self-propelled crane is able to perform

many terminal jobs that would otherwise have to be done by hand. Other roads report

the use of off-track tractor cranes and locomotive cranes as showing economies in

terminal maintenance.

Several railroads have called particular attention to the use of small chemical weed

killing units, towed by motor cars. Other railroads employ weed burners, which are

handled in the same manner—these weed burners being used in the winter time for

snow melting. In this application they have shown marked economies on yard leads,

in interlocking plants and car retarders.

Many of the terminal railroads reporting have established shops for carpenter,

machine and pipe work, tin smithing and electrical repairs, these shops being equipped

with the necessary machine tools to handle light repairs to machinery and equipment

and to construct special items required in the maintenance of large terminals. Carpenter

shops have proved particularly economical in many terminals.

One railroad having considerable dock facilities to maintain, has found economic

use for small work boats equipped with mast and boom and a compressor of sufficient

capacity to handle a variety of air tools and the necessary hoisting power for handling

heavy timbers.

Some railroads have found economical use of mechanical devices for cleaning sewer

and water lines.

Other railroads make use of the air at pneumatic interlocking plants in train yards

and near shops for the operation of pneumatic tools, in lieu of compressor units.

Two of the railroads report that they have found it difficult to justify speciaUzed

tools or tools designed to do only one job, because the tool cannot be kept busy for a

sufficient length of time during the year to justify its purchase. These roads report that

tools that can do several different jobs, such as small portable off-track compressors are

very economical—these compressors being used to operate all types of pneumatic tools

within the capacity of the unit.
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One railroad reports using a special power tool consisting of a saw, pump and drill,

all in one unit.

Practically all railroads stress the need, now and in the future, of eUminating expen-

sive work train service by the use of off-track maintenance equipment and the automotive

transportation of men, tools and materials. These practices are more economical and

eliminate delays to traffic.

A number of railroads have found that units of equipment may be used by more

than one department, for example, crawler cranes may be used by the mechanical, track,

stores, bridge and building, and water service departments. In this manner a unit might

be justified for a terminal which could not pay its way in any one of the departments

alone.

The following is a list of tools and equipment provided for maintenance gangs on

terminals, as reported by the various roads.

Track Department

Air compressors

Augers—pneumatic and electric

Bolt tightners^—pneumatic and mechanical

Bulldozers

Concrete and pavement breakers

Cranes—light rail, locomotive, crawler and truck mounted

Derrick push cars

Discers

Grinders—pneumatic, gas and electric

Jacks—power

Loaders—head end

Motor cars and trailers—heavy and light

Mowers

Rail expanders

Snow brooms—mechanical

Snow loaders

Snow melting equipment—weed burners, switch heaters and oil burning torches

Track lubricators

Tractors

Trucks

Weed killing equipment—chemical and burners

Welding and cutting equipment—electric and gas

Bridge and Building Department

A large variety of equipment is supplied bridge and building maintenance gangs in

terminals. Roads reporting indicate the use more or less of the following equipment.

Air compressors

Augers—pneumatic and electric

Cleaning de\ices for sewer and water line

Concrete busters

Cranes—truck mounted

Derrick push car

Hammers—air and electric

Hoists—pneumatic and mechanical
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Jacks—hand-operated and power

Mortisers—power

Pile drivers

Power plants—electric

Pumping equipment

Saws—mechanical for heavy timber

Saws—pneumatic and electric

Spray painting and oiling equipment

Trucks

Welding units—gas and electric

Report on Assignment 5

Labor Economies of System versus Division Rail Laying Gangs

W. G. Powrie (chairman, subcommittee), Lem Adams, C. W. Baldridge, E. J. Bayer,

W. H. Brameld, E. J. Brown, H. G. Carter, A. B. Chaney, C. G. Grove, J. G.
Hartley, H. E. Kirby, J. B. Martin, F. R. Michael, H. L. Miller, A. G. Reese, H. E.
Smith, G. M. Strachan, E. C. Vandenburgh, J. C. Wallace.

This report is submitted as information.

To obtain information on this assignment a questionnaire was prepared and sent

to 26 railroads operating in the United States and Canada. Replies were received from

13 railroads.

Of the 13 carriers reporting, one employed system rail laying gangs exclusively,

seven used division gangs exclusively, while five reported using both division and system

gangs. Two of the railroads employing both types of gangs reported 75 percent of their

rail renewals were made by system gangs and 25 percent by division gangs. One railroad

using both types reported all new rail laid by system gangs and all relay rail laid by

division gangs, except when shipments of rail are heavy and must be placed in a limited

time.

The number of men employed in division gangs varied from 22 to 125, with the

majority of railroads using 40 to 70 men. The system rail gangs varied in size from 75 to

140 men.

A large variety of equipment is furnished both division and system gangs. All roads

reporting stated that both types of gangs were equipped with rail layers, power adzers

and power bolt machines. In addition five railroads furnished spike pullers, and power

drills, while four furnished spiking machines. Other equipment furnished consisted of

power saws-, creosote sprayers, bit grinders, and welding and cutting equipment.

Answers to the questionnaire brought out advantages of employing each type of

gang. Some of these are listed below:

A. System Rail Laying Gangs:

1. The use of a large system gang in place of several smaller division gangs should •

reduce the investment cost of machinery and camp equipment needed.

2. The efficiency of each man in a larger gang should be greater as he can be

assigned to the same operation daily, and this increased efficiency should pro-

mote greater safety.
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3. With a smaller number of larger gangs working, fewer work trains will be

required, there are fewer locations where slow orders are required, and less

interference with traffic.

4. System rail gangs can be better adapted to laying long stretches of out-of-face

renewals where the specialized organization will not be interrupted frequently

to close up jobs.

5. Fewer large gangs should simplify the problem of administration and supply,

and should also develop more specialized and experienced supervision.

B. Division Rail Laying Gangs:

1. With smaller gangs men may be recruited locally, worked nearer home and

the gang personnel will be kept more intact.

2. Smaller division gangs are better adapted to laying rail in short stretches, not

long enough to permit laying of maximum mileage per day with larger gangs.

3. Train operation will interfere less with small division gangs when rail must be

laid under traffic.

4. During periods when rail is not available smaller gangs can be more readily

reorganized to perform a different type of work.

5. In some instances smaller gangs will not require camp equipment.

None of the railroads reporting has changed its normal method of making out-of-

face rail renewals because of the present labor situation. One road advised it was neces-

sary occasionally to supplement its system forces with one or more division gangs. The

labor shortage has made it difficult to maintain gangs at maximum size for greatest

efficiency and has required continual reorganizing and improvising. In reply to the ques-

tion of how to offset the labor shortages, all reporting roads agreed that the use of

mechanical equipment should be extended as much as possible.

Conclusion

There are working conditions suitable for each type of rail laying gang, and the

conditions to be met should determine whether a system gang or a division gang will

be more economical.

Report on Assignment 6

The Relative Economy in Labor for Maintaining Ballast Deck
Versus Open Deck Bridges and Trestles and

Approaches Thereto

F. G. Campbell (chairman, subcommittee), C. W. Baldridge, J. C. Bradley, W. H.
Brameld, H. G. Carter, A. B. Chaney, C. G. Grove, C. C. Haire, E. H. Mcllheran,
H. L. Miller, A. G. Reese, J. C. Wallace, Edward Wise, Jr.

This is a final report, presented as information.

For the past four years, your committee has been endeavoring to gather all available

information on this subject. Because of the manner in which railroad accounts are

generally kept, very little cost data are obtainable. Such costs as were presented to the

committee indicated that considerably less labor had been expended in maintaining

ballasted deck trestles than in maintaining open deck trestles. A considerable number of
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well-substantiated estimates were obtained. These indicated clearly that in maintenance,

exclusive of replacement costs, the ballast deck bridges and trestles required much less

labor than the open deck bridges and trestles. Some of the estimates received included

replacement costs and interest prorated over the estimated life of the structures and

when these were added to the annual maintenance costs, the total costs for the two

types of structures became more nearly equal, but generally more favorable to the ballast

deck. Possibly for some types of steel bridges and for pile trestles on the very light

traffic hnes, the open deck might be more economical.

The committee was fortunate in obtaining opinions from a number of well-qualified

engineers on this subject. The great majority believe that the ballast deck structures are

more economical. There is a minority, however, which feels that because of the greater

first cost and consequent replacement costs of the ballast deck, the open deck structures

would, in total, cost less to maintain.

Among the reasons for believing that ballast deck bridges are the more economical

to maintain are:

Less labor required to renew track ties than bridge ties.

Less labor required to keep track in line and surface on the structure, especially at

the ends.

Less fire hazard.

Less damage if derailment occurs.

Much work can be performed by track labor which on open deck bridges would

have to be done by bridge and building labor at a higher rate.

Greater protection from brine damage.

More slow orders required while maintenance work is being done on open deck

bridges.

Less labor required to maintain track on the approaches to the bridge or trestle.

Conclusion

The annual cost of labor used in maintaining bridges and trestles, exclusive of

replacement, is materially less for ballast deck structures than for open deck structures.

When replacement costs are included, the costs are more nearly equal, but in most types

of structures they favor the ballasted deck.



Report of Committee 27—Maintenance of Way
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C. H. R. Howe, Chairman,
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11. Oil filters.

No report.

12. Means of conserving labor and materials, including the adaptation of sub-

stitute non-critical materials, and specifications for the reclamation of re-

leased materials, tools and equipment, collaborating with Committee 3A

—

General Reclamation of the Purchases and Stores Division, AAR.

No report.

The Committee on Maintenance of

Way Work Equipment,

C. H. R. Howe, Chairman.

Earl H. Mills, general gas engine inspector, New York Central Railroad, Mt. Vernon,

N. Y., died on June 25, 1944.

Mr. Mills was born in Dunkirk, N. Y., on March 20, 1888. Except for a brief period

of employment by the Westinghouse Electric & Manufacturing Company, he had been

in the service of the New York Central for over 35 years. Mr. Mills joined the Associa-

tion in 1Q32 at which time he was assigned to the personnel of Committee 27—Main-

tenance of Way Work Equipment, serving faithfully thereon until the time of his death.

The Committee here records its appreciation of his helpful and conscientious service

and its deep regret at his passing.

Report on Assignment 4

Self-Contained Direct-Blow Gasoline Tampers

F. F. Zavatkay (chairman, subcommittee), E. C. Jackson, Jack Largent, R. M. Leeds,

F. H. McKenney, E. H. Mills, C. H. Morse, T. M. Pittman, F. H. Rothe.

This is a final report, submitted as information.

Inclusive of the previously published report on this assignment. Proceedings, Vol. 39,

1938, page 617, and the report offered here, your committee has presented information

on the only two gas engine powered unit tie tampers offered to the railroads for approval.

These may be identified as the battery ignition unit tie tamper, and the magneto ignition

unit tie tamper, one of which did not get beyond the experimental or service test stage.

The battery ignition tie tamper unit has been in service on railroads since 1936, and

despite the encumbrance of the ignition equipment consisting of the battery, battery box,

and cables used with this unit, it has proved from actual service, that it has an out-

standing place in track maintenance equipment. Generally speaking, these unit tampers

have been used most extensively in spot-tamping, picking up low joints, and in tamping

newly installed ties. However, satisfactory work has been accomplished in out-of-face

surfacing.

This unit tamper performs well in work in 2J/2 and 3 -in. stone ballast with %-m.
by 3-in. flat head tamper bars and equally satisfactory in gravel and cinder ballast when
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equipped with ^-in. by 5-in. saw-toothed head tamper bars. In both kinds of ballast

this tamper will lift the tie up against the rail without the aid of nippers. An impressive

performance record of 1,229,056 Un. ft. of track tamped for a six-year period has been

estabUshed on a railroad where 76 battery ignition unit tie tampers were in service.

To add to the utility and to overcome the disadvantages of using dry cell batteries

for ignition, several railroads are using generators and storage batteries with sets of unit

tie tampers; other railroads are using six-volt wet batteries with unit tie tampers, these

being charged by means of a rectifier charger placed in signal circuits at tool houses, or

at signal relay cases. The portable charging equipment consists of a ^-hp. gas engine

and a 6-volt generator. Where charging is done at night, the amount of charge to the

battery is gaged by the discharged condition of the battery and the amount of gasoline

that is put in the fuel tank of the engine.

On the railroads throughout the United States approximately 3,450 battery ignition

unit tie tampers have either been placed in service or are on order. A description of this

tie tamper machine follows:

The gas unit tie tamper above referred to is a two-cycle single cylinder

gasoline engine with a solid steel piston that acts as the hammer. Below the piston

are two springs, the piston spring, and the recoil spring, that act in place of the

usual connecting rod. This tamper is started by pushing down on the starting rod

cap. This forces the piston down, thereby compressing the piston and recoil springs

which return the piston to the top of the stroke.

The piston in its upward travel tends to create a vacuum in the lower com-

pression chamber. This causes a suction in the manifold, which lifts the mixture

valve, in the carburetor body, allowing a charge of gasoline and air to enter the

lower compression chamber. As the piston does down, the mixture valve in the

carburetor closes and the gas mixture in the lower compression chamber is com-

pressed. When the top of the piston in its downward travel passes the upper sur-

face of the intake port in the cylinder wall, the compressed gas below the piston

enters the combustion chamber, through a passage in the piston. As the piston

again travels upward, it compresses the gas in the combustion chamber and before

the piston reaches the top of its stroke, the cam on the piston strikes the roller

stem, causing the ignition points in the circuit breaker to meet and complete the

ignition circuit, which produces a spark in the spark plug, resulting in an explo-

sion. The explosion drives the piston against the anvil, the blow being transmitted

to the working tool, in contact with the anvil.

The Type TT-2 unit tie tamper weighs 70 lb. without the tamper bar and

without the ^ gal. of gasoline which the fuel tank will hold.

The Type K-lA unit tie tamper weighs 56 lb. without the tamper bar and

without the J/2 gal. of gasoline.

These tools strike approximately 1,300 blows per min.

Development of the magneto ignition tie tamper was undertaken by the manufac-

turers in 1938 and 1939 and it was introduced in 1940. The engine is of the two-cycle

type and is equipped with a Wico fly-wheel type magneto to provide a means of pull-

starting on compression. The motor is cooled by fan blades in the magneto fly-wheel.

This tamper strikes 1,350 blows per min. and will tamp stone, gravel or cinder ballast

when the proper tamper bars are employed, and is equally as satisfactory as other gas

engine driven unit tie tampers or the pneumatic tie tamper.
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The committee does not have a comprehensive comparative performance record on

this type of unit tamper, but from information available and the experience of members
of the committee, it appears that the tamper needs strengthening and some improvements

to overcome such mechanical failures as broken cylinders, short-lived crankshaft bear-

ings, and crankshaft end bushings, loose aluminum case stud holes, faulty magneto plates,

cracked or broken exhaust manifolds, fouling of starter cable when it leaves the pulley,

and broken or worn ratchet pawls.

This unit tamper, if given the necessary refinements and improvements by the

manufacturer, could be of general service in tamper gangs. A general description of the

machine is as presented below:

The weight of the tool with standard tamping bar is 69 lb.

The weight of the striking piston is 3J^ lb. Its diameter is 1)4 in.

The stroke of the piston is 2 in.

The gasoline tank has a capacity of 3 pints, but not more than one quart of

gasoline is used in the tank at one time to prevent splashing.

The spark plug is a standard 18 mm. plug.

A Wico magneto develops the spark which fires the charge. The magneto fly-

wheel contains fan blades which cool the engine through a protecting hood.

Lubrication of the engine cylinder is effected by mixing Y^ pint of SAE-30

oil with 1 gal. of gasoline. The crankcase uses a maximum of % pint of SAE-30 oil.

The motor is stopped by lifting the air valve and flooding the motor.

For the duration is it quite certain that the magneto-type gas engine unit tamper

will not be available on the market, although several magneto type self-contained tamper

units are in process of development.



Report of Committee 24—Cooperative Relations

With Universities

R. E. Dougherty, W. D. Faucette F. R. Layng
Chairman, P. O. Ferris C. T. Morris

Lem Adams E. M. Hastings A. E. Perlman
J. B. Babcock E. T. Howson* W. C. Sadler
W. C. Barrett W. B. Irwin F. S. Schwinn
T. A. Blair R. B. Kittredge J. M. Symes
R. P. Davis B. R. Kulp Barton Wheelwright
0. W. EsHBACH Committee

* Died September 1, 1944.

To the American Railway Engineering Association:

Your committee reports on the following assignments:

Foreword.

A brief statement of the work of the committee page 130

1. Stimulate greater appreciation among railway and university officers of

(a) the fundamental importance of instruction in transportation and

economics, and

(b) the necessity for presenting courses of instruction based on current rail-

way conditions and taught by men of adequate ability and experience.

Progress report, presented as information page 131

2. Call to the attention of universities and colleges such information and con-

clusions developed by the Association as thought to be of special interest or

value to them.

Progress report, presented as information page 152

3. Develop means of bringing to the attention of railway managements the

value of a technical education as a qualifying factor for young men desiring

to enter railway service with a view to advancement.

Progress report, presented as information page 157

4. Stimulate a greater interest in the science of transportation among university

and college students and create thereby a greater appreciation of the place of

transportation in our national economic structure, cooperating with organiza-

tions of university and college students and contributing to their activities

in such manner as may be mutually arranged.

Brief progress statement, presented as information page 163

5. Develop means whereby facilities of the universities may be made more

directly available for research work of the Association and the railway in-

dustry by cooperative effort between the staffs of the universities and the

committees of the Association.

Final report, presented as information page 163

AREA BuMelin 450, January 1945.
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6. The cooperative system of education for railway service.

Brief progress statement, presented as information , page 167

7. Investigate text books and other material available for instruction in rail-

way engineering, and make pertinent recommendations thereon.

Brief progress statement, presented as information page 167

The Committee on Cooperative Relations

With Universities,

R. E. Dougherty, Chairman.

Foreword

During the past year our committee suffered the loss by death of its esteemed chair-

man, Elmer Thomas Howson, under whose able leadership the committee has made such

notable progress during the difficult period since 1940. In recognition of his meritorious

service, there is appended to this foreword the resolution unanimously passed by the

committee at its meeting in Chicago on November 1, 1944.

Since Mr. Howson's death, R. E. Dougherty has taken over the chairmanship pend-

ing the appointment of a successor for the ensuing Association year.

While the war effort has interfered greatly with any real attempt to carry out a

closer cooperation between the universities and railroad managements at the present time,

due to the universities being extensively engaged in war activities with their facilities

used by Army and Navy training programs, war research and allied projects, and with

railroad officers much involved with the burden of work imposed by the war effort, the

members of the committee are universally impressed by the importance of the assignment

and as the reports submitted indicate, there is a real interest in our work by both

railroad management and university authorities.

As the work on the various assignments has progressed, it has developed that there

is an overlap in the inquiries made and results obtained on Assignments 1 and 3 which

has resulted in a definite conclusion that these two assignments should be combined under

one heading.

It is further recommended that Assignment 5 be discontinued as the committee in

its current report presents an account of the university and other faciUties available for

research which, if applied in connection with the research studies by the railroads them-

selves, should prove adequate.

The subcommittee reports represent considerable effort on the part of the various

chairmen and members in times such as these when they are overburdened with war
time problems both on the railroads and in the universities.

Mr. Howson in his last foreword declared that "ours is not a short-time task," a

statement in which the committee Avhole heartedly concurs. The work of the committee

should, therefore, be continued until a period of more settled conditions occurs and the

beneficial results of a closer cooperation between railroad management and university

authorities can be fully developed.

Ours is an assignment which should develop a valuable means of improving railroad

personnel and prove of great benefit to the universities.
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The Committee on Cooperative Relations With Universities records with deep

sorrow the tremendous loss occasioned by the death of its chairman, Elmer T. Howson,

on September 1, 1944.

Mr. Howson had been chairman of this committee since its re-establishment in the

year 1940, and through his personal direction and able administration had launched this

committee into a campaign of cooperation between the railroads and universities that

has already begun to bear fruit to their mutual interest.

Due to his broad field of activity, Mr. Howson had accumulated such a large fund

of experience and knowledge that he was a constant source of ideas and inspiration for

ideals in the committee's work.

Report on Assignment 1

Stimulate Greater Appreciation Among Railway and

University Officers of:

(a) the fundamental importance of instruction in transportation

and economics, and

(b) the necessity for presenting courses of instruction based on

current railway conditions and taught by men of

adequate ability and experience

E. M. Hastings (chairman, subcommittee), T. A. Blair, P. O. Ferris, W. B. Irwin, B. R.

Kulp, C. T. Morris, A. E. Perlman, J. M. Symes.

This is a report of progress.

The report of the subcommittee presented to the Association in March 1944, found

in AREA Proceedings, Vol. 45, pages 255-260, inclusive, contained excerpts from letters

received from a number of railway executives in response to an inquiry directed to them

by the subcommittee, requesting information from them as to the attention their com-

panies were giving or what they believed .should be done looking to the careful selection

of college and university graduates to become part of the railway organization. The work

of the subcommittee for this year has been directed toward ascertaining from the colleges

and universities what they are doing and what they propose to do in the arranging of

new or the continuation of the old curricula that would fit young graduates for employ-

ment in the railway field. The following letter was addressed to the heads of the schools

of engineering of 38 colleges and universities; the letter is quoted in full. To November

first a number of interesting repUcs have been received.

The American Railway Engineering Association through its Committee 24

—

Cooperative Relations with Universities, is endeavoring, as you no doubt know,

to obtain a sympathetic understanding on the part of railway executives with

college and university problems and on the part of the colleges and universities

an understanding of railway problems and the broad field of railway transporta-

tion activity that lies open to college and university graduates, particularly grad-

uates in Engineering. It is understood that a number of the universities have been

reviewing their curricula with the idea of eliminating courses for which there is
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little demand and we have been told that unless the railroads indicated consider-

ably more interest in college men than we have shown in recent years there would

be little if any desire on the part of universities to retain their courses in Railway

Engineering.

This letter is written in order to obtain from you a frank and full comment
or discussion of this matter from the standpoint of your institution and also it

would be appreciated if you would give us any general statement or thought

which you have in the matter. The field of Railway Transportation Engineering

is, in the minds of many of us engaged in railway service, broadening rather than

lessening and there are great opportunities for young men coming out of our col-

leges and universities to find challenging and lucrative employment with the rail-

ways. It is definitely a cooperative matter. The railways cannot be expected to

employ any large number of college men upon graduation unless those men have

some fundamental or foundation work that would especially fit them for the rail

transportation field, particularly in the engineering branches, and it is recognized

in turn that if the railways do not make a bid for these young men that at least

meets that being made by our great industrial corporations they cannot expect

to secure them ; working together, however, it is the feeling of our committee and

of a large number of railway officers that a profitable field of endeavor opens to

the young college graduate who takes employment with our rail transportation

systems. It is the thought of our committee that our engineering educational insti-

tutions should have set up adequate courses in Transportation Engineering. May
we ask for an early and complete reply.

The character of the replies and the interest displayed by the colleges and univer-

sities merit the reproducing here of excerpts covering the important and thought-

provoking portions of the letters believing that the membership of the Association should

have the benefit of the thinking of the leaders in engineering education throughout the

country.

From the University of Alabama:

For many years the College of Engineering of the University of Alabama

required all civil engineering students to take a course in railway curves and

earthworks, a course in railway location, and one in railway construction. How-
ever, since very few of our graduates secured employment in the railway field,

the work of railway engineering was gradually reduced.

We now require civil engineers to take a course in route surveying which

includes curves and earthwork; field and office practice in location, construction,

and maintenance of routes of transportation. In addition, all civil engineering

students are given a course in highway engineering in which the economics of

location and design are discussed. The University gives a course in transportation

which is not required of engineers but is elected by quite a fair percentage of

students.

Our regular civil engineering course prepares men for design in the field of

bridges, foundations, building construction, concrete, etc.

We also offer a course in industrial engineering and another leading to the

degree of BS in Industry. It seems to me that the latter course would provide

excellent preparation for jobs in the railway field which are related to operation

and maintenance.

Would a short course of one or two years duration, planned not to train men
for professional engineering but for specific vocations in the railway field be useful?
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From the University of California:

All of our civil engineering students take a course on curves and earthwork,

the course conventionally known as railroad surveying, but applicable also to

route surveys for highways, canals and pipe lines. Students in the transportation

option take three other railroad courses in addition: a three-unit course in eco-

nomics of railroad location, in which great effort is made to impress on them the

economic approach in the study of engineering problems, using railroad location

as the illustrative example; that is followed by two other courses of two units

each, dealing with transportation matters, largely but not entirely railroad subjects.

Due to the fact that in recent years few of our graduates have been interested

to enter railroad service, we have found it desirable to broaden the scope of all

these courses and include in them a good deal of material applying to highway

transportation and construction.

For some reason jobs in the engineering departments of the railroads have

not, for a number of years, been attractive to our graduates. They appear to have

had little encouragement from railroad officers. During the last three or four years

the engineering officers of one railroad, the Pacific Electric, have kept in touch

with us to find out what men are about to graduate, how the different men stood

in their courses here, and to try to interest some of our graduating seniors in jobs

with that company. So far as I can recall no other railroad company has taken

similar action during the last thirty years. Other organizations seem to want to

interest out students in their work.

From California Institute of Technology:

Your letter in behalf of Committee 24 is one of the most encouraging com-

munications which has been received in a long time, since I interpret it as repre-

senting a revival on the part of the railroads of interest in engaging college grad-

uates for careers in the railroad industry.

Since my original engineering experience was in the railroad field—as chain-

man on the C. B. & Q.—that field has always held a great fascination for me. It

has been a matter of regret to me that the railroads have not sought to employ

members of graduating classes from the California Institute of Technology for a

number of years.

Notwithstanding this apparent indifference of the railroads to our product,

we have retained in our senior Civil Engineering curriculum a course in Trans-

portation Engineering, the subject matter of which pertains largely to railroads.

I have handled this course myself and in it have introduced problems which instill

into the student a recognition of the relationship between construction costs and

operating expenses. We always make a study of some proposed relocation of a

section of an existing railroad and the students calculate the savings in operating

costs which would result from an improvement in the gradient and calculate how
far those savings capitalized would go toward meeting the cost of the line revi-

sions. Since this aspect of engineering economics is not introduced in connection

with any other subject, I have felt that the Transportation Engineering course

served as a very useful vehicle for the presentation of those principles.

It had become customary under peace conditions for various employing

agencies to send interviewers to the Institute several months prior to graduation

for the purpose of selecting prospective graduates who would be adapted for and

interested in joining the respective organizations. I see no reason why the rail-

roads should not he able to make such contacts with graduating classes and employ
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young men of ability and proper qualifications who might be interested in devel-

oping their careers in railroad service. A procedure which is used by some organiza-

tions and which has a great deal of merit from the standpoint of both the employer

and the individual, is for summer employment to be offered to students at the

end of the Junior year. This would enable the employers to appraise the young

men who were engaged on a temporary basis and should result in less turnover

among the men who were employed following graduation.

It is well recognized that young engineering graduates are very ambitious and

are quite prone to become impatient if they do not see indications of progress in

their employment conditions. This is a situation that occurs in most industries but

it is my belief that the railroads could work out a sequence of employment pro-

cedures which would appropriately recognize this tendency and could provide a

rate of progress for the young engineer which would be equivalent to that offered

by other industries on a basis where advancement would be forthcoming as earned.

I am gratified that your committee is showing this interest which I per-

sonally feel is also in the interest of the railroad companies.

From the Catholic University of America:

I have read your letter regarding college courses pertaining to field of rail-

roads with great interest. It may be that at this time consideration should be

given to the suitability of existing courses in "Railroads". Before opening a dis-

cussion of your letter I believe we should have available an outline of what your

committee thinks would constitute "fundamental or foundation work that would

especially fit them for the rail transportation field, particularly in the engineering

branches". At present, courses in this field are required only for Civil Engineering

students and are: Route Engineering (based on Allen's "Railroad Curves and

Earthwork") and Railroad Engineering (based on Raymond, Riggs, Sadler "Rail-

road Engineering").

We are interested in cooperating with your committee and hope that it can

furnish us with their plan which, I feel, should bear great weight in any considered

reorganization of our "Railroad" courses.

From The Citadel:

My general attitude towards the program is indicated by the fact that I

spent most of my time while serving on the Committee on Engineering Education

of the American Society of Civil Engineers urging that such a program of coopera-

tion between the engineering schools and professional groups be fostered. In fact,

it is my considered opinion that the most fruitful source of improving engineering

education is through active cooperation between the colleges and the professional

societies and employers of engineers. I have just recently sent on to the joint com-

mittee of SPEE (C. E. Division) and Am. Soc. C. E., which committee is work-

ing on a program of cooperation between the two groups, some material that I

had with regard to the work of your Committee No. 24; this committee's work

I regarded as a good example of a sound approach to the problem of coordinating

engineering education with engineering practice in a speciaHzed field.

With specific reference to our own experience in giving courses designed to

prepare our students for the railroad field, I regret to say that we have empha-

sized highway engineering rather than railroad engineering. This grew out of the

fact that a very small number of our men entered railroad service. At the present

time I doubt if we have more than fifteen or twenty men in railroad service.
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There has always been a feeling among our students that railroads had some sort

of a prejudice against college men, that they preferred men who had come up the

hard way. This is undoubtedly an erroneous view, and one which, I think, can

be readily dissipated by the work of Committee No. 24.

What I should like to see is a definilivc statement from the AREA, or some

other group that can speak with some authority for the railroads of just what

the opportunities will be for young graduates in the future; just what will be

expected of them; what sort of education they should have; what personal qual-

ities are most desired; and a categorical statement that the railroads are interested

in employing young graduates. Also, I heartily approve of your idea that college

curricula should be worked out in close cooperation. We college instructors arc

prone to drop into grooves; we lose touch with what is going on out in the field

of practice, and our courses sometimes become dull and out-of-date. On the other

hand, the employers and their engineers are likely to have a view of educational

curricula that is too highly colored by their own individual experiences. The sound

procedure, it seems to me, is for these two groups to get together and talk it out

to a conclusion. That is another way of saying that I should like to know just

what AREA considers an adequate course in Transportation Engineering for a

young man who aspires to enter railroad service. I should regard this as highly

authoritative and anything that we attempted would be greatly influenced by it.

From Duke University:

The views expressed here are my own and not necessarily those of the

University.

My father was a railroad man, being connected with the New Haven System

until 1918, when he was transferred to their affihated steamship hues, retiring as

Comptroller of the Atlantic, Gulf and West Indies Steamship Lines in 1932. He
was one of the very few Honorary Members—Assn. Water Line Acctg. Officers.

So I feel that I have been brought up on the railroad, working in various capaci-

ties in my earliest days.

During the time that I was in charge of Civil Engineering at Penn. Military

College and likewise while I have been in charge of Civil Engineering at Duke,

I have given instruction in Railroads. I was a member of the AREA for a great

many years. Mr. W. J. Backes, then Engr. M. of W., NYNH&H., later Chief

Engr. B&M., and now deceased sent each of his boys to me for instruction. Mr.

E. E. Oviatt, Chief Engr. NYNH&H., took Surveying under me when I was an

Assistant at Yale. I later taught one of his sons in Surveying at Yale and his

other son was sent down here to get his civil engineering instruction under me.

Aside from these cases, I think I have had only two boys go into the railroad

field. (I have been teaching about 30 years.)

My final conclusion was,—why waste .so much time on a field of instruction

in which no one seems to be interested. For that reason, our instruction in Rail-

roads is now down to a minimum. Frankly, I feel that the colleges have gone out

of their way in the past only to be rebuffed by the Railroads. I have preached

for years about the unfairness of the bus and truck competition considering how
taxes are assessed. In other words, what's the use?

From Georgia School of Technology:

Georgia Tech now runs a course in the Civil Engineering Department in

Railway Curves and Earthwork. Text: Route Surveys by Rubey.
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In other courses our Civil Engineering students learn to design railway bridges

and reinforced concrete structures, dams, reservoirs and water supplies. We gave

the ASTP soldiers a course in Transportation Engineering—this I would recom-

mend to be added to our curriculum. This course should treat of traffic surveys

and all forms of transportation, air motor highway, railway, etc. It can be enlarged

to cover many phases.

There are other courses that cover, in part, some railway engineering, i.e.

contracts, specifications, steam power and combustible engineering, etc.

My main professional activities are to get better pay for our engineering

graduates and workers and also to improve the standing of our profession, get

better respect for his work and raise the public's opinion of our profession.

How many graduates after this war, i.e. new men, do you expect to put on?

What pay will you offer? Will it be low compared to a master plumber's pay?

The engineering work must be paid for as done by money without the old

chestnut of promotions promised.

We engineers of the 1900's built railroads at $40.00 to $80.00 per month for

P.R.R. and other railways. No expense accounts—payments up to $1,000,000. per

year were made over our signatures—promotions came only on the average of

1 out of SO. The old gag of future promotion worked to get railways built very

cheaply as far as engineering jobs were concerned.

What has been done to get better pay for Civil Engineers on Railways?

The unions I fear have drained the till.

I am muchly interested in this work. Kindly let me know what new jobs

are open for our graduates, pay, etc.

I cannot now honestly recommend students to major in railway work; many
other jobs pay much better.

From Iowa State College:

The Civil Engineering Department at Iowa State College has maintained a

substantial interest in the Railway Engineering field for a number of years. This

is indicated by two facts: (1) That we have always had a course in our cur-

riculum called Railway Engineering which was required of all Civil Engineering

students. (2) That for several years prior to the beginning of the war we were

placing from one to three men out of each graduating class with railway com-

panies and these men were remaining with the companies. Moreover, we have

maintained active personal contact with responsible railway engineering officials

in this area.

Therefore, we are in complete agreement with Mr. Hastings in his thesis

that the field of Railway Engineering is important and is broadening rather than

lessening.

In making our plans for our next curriculum we are endeavoring to integrate

the relating portions of the various fields of engineering into a unified course

which we are designating transportation. This does not mean that highways and

railways will lose any of their importance in the future arrangement. It does mean
that those elements that are common to each course will be treated together. At

the same time, we can give adequate and proper treatment to developments in

air transportation and water transportation.

For many years we have been urging our friends in the Railway Engineering

field to outline for us a list of subjects in which young men who come with them

will have some proficiency. I note in Mr. Hastings' letter that he refers to "some
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fundamental or foundation work that would especially fit them for the rail

transportation field, particularly in the engineering branches". I think that the

members of Mr. Hastings' committee can render a distinctive service to us in

engineering education if they will outline the objectives which their course in

Railway Engineering might have together with an outhne of the topics which

might be covered. The important thing to keep clear in any such outline is what

items of instruction are definitely fundamental and within the province of the

school and those which are definite applications that should be learned after the

young men have taken a job. I think, too, that a cooperative plan of employment,

professional or summer employment by the railway companies, would help to

interest young men in following Railway Engineering as a career. No doubt some

educational efforts will have to be expended on engineering teachers who give

advice to young men.

From the Johns Hopkins University:

Very few of our students have entered the railroad service. One reason the

boys have given is the small pay that is offered by the railroads and the question

of seniority rights. Some who entered railroad work only stayed for a short time

and then resigned to go with other companies.

Our department of Civil Engineering has realized the desirability of training

men in transportation. They have extended the standard course in Highway

Engineering so it is actually a general course in transportation. In this course the

railroad service as well as other means of transportation are studied. The course

tends to treat the subject matter of transportation from the economic and legis-

lative point of view with the engineering aspects of design and operation treated

in a much broader and less detailed fashion than is customary. The emphasis is

on "why" we design, build and operate in certain ways rather than "how" we
do these things. In addition to the course in Highway Engineering or transpor-

tation, the subject of railroad curves, spirals, embankments, etc. is covered in

Intermediate Surveying Courses. I can assure you that the subject of rail trans-

portation is being covered here.

From Louisiana State University:

I read your letter to the faculty of the College of Engineering at a recent

meeting and we feel that your statement in the first paragraph of your letter,

namely, ".
. and we have been told that unless the railroads indicated consider-

ably more interest in college men than we have shown in recent years, there

would be little if any desire on the part of universities to retain their courses in

Railway Engineering," is certainly true.

In the past few years I have tried to interest students in going to work for

certain of our railroads, but the result has almost always been that they had offers

from other companies which paid them more while they were learning, and which

appeared to offer them better opportunities after they had finished their training

course.

I am personally very much interested in this problem because the first job I

held after graduation in Civil Engineering in 1908 was on construction for the

Southern Pacific Railroad Company near Lafayette, Louisiana. At that time a

number of our graduates were working for the railroad companies. However,

gradually fewer and fewer of our graduates took these jobs until it has become

a fact in the past 10 or 15 years that practically none of our men go into tliis field.
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If the railroad companies can work out some plan whereby students can sec

a future in working for the railroad companies I would certainly encourage some

of them to go into this field.

Thanking you for giving us the opportunity of discussing this matter with

you, and assure you that we should like to continue working with your committee

in this matter.

From Massachusetts Institute of Technology:

We have always provided an opportunity for undergraduate students in Civil

Engineering to take a professional elective in Transportation Engineering if they

desired to do so. These subjects amount to about one-quarter of the work of the

senior year. A number of years ago separate courses in Railway Engineering and

in Highway Engineering were offered in these electives. In recent years, however,

we have given a course in Transportation Engineering, which includes railway

and highway engineering, with some attention to transportation by air, water and

pipe line. Undoubtedly increased time will be devoted to air transportation in the

future. The reasons for giving the single Transportation Engineering course were

twofold: (1) we believed that an engineering student interested in transportation

should receive as broad a training as possible in this field, and (2) since the

number of students electing these subjects were small, it seemed desirable as a

matter of expediency to give a consolidated course.

We now offer separate graduate courses in advanced railway, and in highway

engineering and transportation for those students desiring to specialize in one

branch of transportation. For many years, however, the number of students tak-

ing graduate work in railway engineering has been very -small. Most of these stu-

dents in recent years have come from foreign countries, principally China, where

there is still considerable opportunity for employment in the location and con-

struction of new railroad lines.

At the present time we are studying the changes we may desire to make in

a post-war curriculum. It is probable that we shall reduce to some extent the

time devoted to surveying and allied subjects. We expect to offer a fourth year

elective in Transportation Engineering of the same scope as the one we now give.

Our graduate course in Advanced Railway Engineering will still be given whenever

we have qualified students desiring to take it.

With regard to specialized graduate courses in Railway Engineering and

Transportation, we believe that it would be desirable to have this work offered

in a few universities which have staff members who are particularly qualified in

this field both by training and practical experience. The number of graduate stu-

dents desiring to specialize in railway work is quite small and they could be given

much better training if such work were offered in a few institutions recognized as

particularly qualified in this field. This idea might be extended to undergraduate

students, although in general these men want a broad civil engineering training

rather than too specialized a course.

I have attempted to furnish herein a brief description of our present and

proposed courses dealing with railway engineering. As indicated in your letter,

the forward looking railway officers realize that the question of employment after

graduation is of great importance and vitally affects the students' choice of

courses. In recent years the railways have seldom sent representatives to the

colleges to interview the students and to interest them in railroading ;s ;i career.

Occasionally railways have made inquiries when they had a specific vacancy to
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fill, but they have not attempted to build up their organization by receiving a

regular influx of capable young men trained in engineering. The newer industries

have done this on a very broad scale.

I can assure you of our sympathetic interest in the work of your Committee.

I do not, however, believe that the situation can be improved until the railways

show more encouragement to engineering students by making them definite offers

of employment under such conditions that they will have an opportunity to

advance in the railway field to the same extent as they are able to in the other

industries.

From the University of Michigan:

Here at the University of Michigan we permit students in transportation

engineering, which comes under the Civil Engineering Department, to specialize

to a limited extent in railroad, highway, traffic, marine, aeronautical and auto-

motive transportation. Those who specialize in railroads are required to take a

course in railway and highway location design, another in economics of railroad

construction and operation and a third in railroad maintenance. All other courses

are those taken by our regular civil engineering students. I do not believe that

this plan will be materially altered in the immediate future.

It is our feeling that specialization within a particular field of engineering,

such as civil, electrical, mechanical, et cetera, should be kept at a minimum and

for that reason I do not anticipate that we will add to the number of courses

in railroads which we now offer. Generally speaking, the student, at the end of

his third year, is not entirely sure of the line of work into which he will go and

therefore it seems that a general course in Civil Engineering best fits him for all

eventualities. A more narrow specialization, while he may wish it, may prove to

his disadvantage if he is unable to get into the field of specialization upon

graduation.

We are very much interested in cooperating in every way possible with the

railroads and have done so to the best of our ability during past years. I would

be very much pleased to learn of any new plans which you have in mind and

which would guarantee to young engineers more than seasonal employment. In

the past, I believe, too many young engineers have left the railroad field on

account of the uncertainty of tenure except during the construction season.

From the North Carolina State College of Agriculture and Engineering:

It may be of interest to you to know that a few years ago we undertook to

determine the type of positions filled by graduates of our engineering school.

At that time we discovered that we had sixty men identified with the railroads

in various capacities and since this survey was made many others have associated

themselves in a similar capacity. We are pleased to list a few of our graduates

and former students who have risen to places of importance with the railroads

on the Eastern Seaboard.

SA.L.: W. D. Faucette, W. D. Simpson, M. H. Gold, W. L. Darden, J. K.

Waitt, D. T. Daily; Southern: G. P. Asbury, E. S. McCarn, F. T. Miller (recently

engaged in private practice), T. H. Thompson; A.C.L.: G. G. Lynch, Frank

Hawkes, C. J. Gray; N&W.: W. H. Fisher, B. E. Lewis; Pennsylvania: D. W.
Ramsey; B&O: H. L. Taylor; Nickel Plate: E. S. Hales.

Naturally this is an abbreviated list from a reasonably large number who are

now employed by the railroads.
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In view of the foregoing, you can readily appreciate that we are interested

in railroads and railway engineering. As a matter of fact, we now have in our

catalog an option in the Civil Engineering Department known as Transportation

Engineering which covers the fields of railways, highways, and airways.

You can rest assured that the School of Engineering will be glad to cooperate

with you and your committee in any way which will be of mutual benefit.

F'rom Ohio State University:

You have asked me to comment on the letter of E. M. Hastings of the AREA
Committee No. 24. Mr. Hastings is somewhat vague as to the definition of rail-

way transportation and I am unable to determine from his letter what subjects

he believes would furnish an ample background for a senior entering the trans-

portation field. Since all our graduates receive training in Curves, Spirals, Earth-

work, Materials of Construction, Structural Design in Timber, Steel, and Con-

crete, Property Surveys, Mapping, and Locatipn, he evidently does not refer to

this type of training. This leaves such specialized subjects as Terminal and freight

handling equipment Relation of speed. Grade, and Alignment to transportation

costs, i.e. our old Railway Economics Course, Classification yards, passing tracks

and signal systems in connection with speed and volume of traffic, Determination

and fixing of basic rates. Training in quantity engineering and cost accounting.

These are all subjects intimately connected with the field of railway trans-

portation but obviously could not be added to a four year engineering course

without leaving some essential subjects out. In other words, we cannot make both

an engineer and a transportation man in four years. He may have in mind more

instruction in maintenance methods, such as frog and switch work, special spirals,

string lining of curves, stabilization of roadbeds, treatment of railway ties, etc.

If so, the question immediately arises as to how much of this specialization should

be given by the University and how much by the railroads themselves. I would

suggest that Mr. Hastings' Committee submit a detailed list of subjects they con-

sider essential for a graduate entering the transportation field and we will make a

study of these requests and meet as many of them as possible.

However, we must bear in mind that other means of transportation are used,

i.e., Highway, Pipe line. Waterway and Air Transportation have all had a large

war-time impetus and will likely continue to expand. Since all transportation sys-

tems must be intimately connected it does not seem feasible to formulate a course

in railway transportation and neglect the rest. An extra year devoted entirely to

transportation might make a Transportation Engineer.

But if the railroads require special maintenance training in the graduates they

want, such training can only be given at the expense of other courses either

required or elective in the standard four year course or by lengthening the re-

quired course to five years. In either event (in view of the highly specialized type

of work required much of which might be useless elsewhere) it would seem to be

incumbent upon the railroads to offer graduates (upon satisfactory completion of

such a course) an attractive inducement in the form of an entrance salary that

is at least equal to that offered in general industry, and assurance of reasonably

rapid promotion and durability of position if the student employee shows promise.

From the University of Pennsylvania:

At the Towne Scientific School, we have to take the point of view that stu-

dents completing one of our regular courses, especially Civil or Mechanical Engi-
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neering, arc adequately prepared with thorough training in the fundamentals to

contribute effectively to the solution of problems in the Railway Engineering

Field. This point of view does not differ with that in your statement that men

employed by the railways must be expected to have some "fundamental or foun-

dation work that would especially fit them for the rail transportation field" unless

you regard as indispensable courses covering specifically the technics and prac-

tices of the field.

We are a small engineering school and are therefore not able to cater to

special interests as are the larger schools. Besides, I hold to the opinion that such

diversification is rarely justified within the scope of the regular four-year curricula

and that a much greater service is rendered both the student and his prospective

employer by placing emphasis on the fundamental science courses including

mechanics, thermodynamics, fluid mechanics, etc.

From Pennsylvania State College:

Like most other engineering schools, this College has been consolidating its

various curricula in recent years rather than expanding them. We have always

had a definite interest in preparation of graduates for railroad work and for many
years have had close relationships with the Pennsylvania Railroad System. We
have not felt it necessary, nor apparently has the Pennsylvania Railroad desired

to have us give special curricula in railroad or transportation engineering. For the

Maintenance and Way of Structures Department we supply civil engineers, for

the Altoona shops—mechanical engineers, and for the electrified divisions—elec-

trical engineers.

Do other railroad s>stems express the need for men specially trained in trans-

portation engineering and, if so, in what capacities do they employ them? I know,

of course, of the special work in transportation at Michigan and Yale, but I do

not know of other universities that offer special transportation engineering cur-

ricula.

To repeat, I believe it is the trend of thinking throughout engineering educa-

tion to offer fewer special curricula, to simplify those offered, and, in general, to

improve the quaUty of work by more emphasis on fundamental studies. Does this

seem to be in line with the thinking of the AREA Committee or would you feel

that the present training in engineering education is not in the best interests of

the railroads?

From Princeton University:

So far as Princeton is concerned there is no immediate intention of eliminat-

ing the courses in the Department of Civil Engineering which have made that

department a good source of young engineers for the railroads. To prove this

latter statement may I say that I have just been writing to J. P. Newell, Jr.,

Superintendent of Freight Transportation of the Pennsylvania Lines, West, who
is one of our graduates in the Class of 1924, to arrange a luncheon meeting in

Chicago later in the month.

To be frank with you, I have sometimes wondered if we were not placing

perhaps a little more emphasis than the situation justified on our railroad courses

for civil engineers, but Professor Kissam who is chairman of the department is

very strongly in favor of maintaining the courses as they are, and we shall prob-

ably do so unless there is an important change in the demand for civil engineers

in the transportation industry.
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From Purdue University:

We have always considered railway engineering to be an important and

promising field for our Civil Engineering graduates. Our relations with a number

of railways have been very pleasant. A number of our graduates every year have

gone into railroad work and not a few have risen to positions of Chief Engineer

and President. Generally speaking, however, I cannot say that the railroads have

been particularly sympathetic toward college graduates. One railroad which nor-

mally would take about six of our graduates has an apprentice course worked out

for them. They are transferred from one department to another in an endeavor

to find their major interest and acquaint them thoroughly with all phases of

railroad work. This plan has worked out satisfactorily and we are always glad

to urge our graduates to accept positions with this railroad.

A number of our students are definitely interested in railroad work and with

a little interest and organization on the part of the railroads they should have

no difficulty in securing competent college graduates in the future.

We have been restudying our curriculum mainly with the idea of increasing

the non-technical content. This means that we will have to reduce the amount of

specialization. The railroads cannot expect to get very much instruction in rail-

way engineering in a four-year curriculum. We must concentrate on basic subjects.

Our program calls for a 2 -credit course in Surveying in the freshman year and

a 9 weeks' Summer Surveying Camp. This is followed by a 3-hour course in

Highways and a 3-hour paralleling course in Railways which all our Civil Engi-

neering students are required to take. In the past it has been our custom to offer

special courses in the senior year in Structures, Highways, Railways, Hydraulics,

Sanitary and Architectural Engineering. We also have the 3-hour courses in

Transportation, which are offered as elective. All of this work will be continued

in the postwar curriculum in Civil Engineering and I feci that it furnishes a

good preparation for railroad work.

If the railways expect to get very many college graduates they will have to

compete with industrial corporations which make a definite bid for our students.

Every year we have one hundred or more representatives of industry on our

campus looking for our seniors. The large industries have apprentice courses and

generally offer rates of pay which are very attractive.

Generally speaking, if you want college graduates who have had college work

in the transportation field, it will be necessary for the railroads to formulate

plans for getting men who have had five years of college work. The industries

have found this necessary and have arranged for the fifth year to be taken either

on a fellowship or by extension courses which are either given at the plant or by

correspondence. Purdue is extending its Extension work very widely. We have

set up a Technical Institute Program for adult education on a college level but

not for college credit and we are now considering offering Extension courses for

college credit.

Because of a lack of interest, however, none of this work is in the railroad

field.

From Rhode Island State College:

We are interested in the problem of transportation. I think the small colleges

will be obliged to limit the work to the general field of transportation including

railway, waterway, highway and airway, rather than providing special courses

for one or two of the groups. The small colleges have restrictions of staff and
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curricula, tlie latter being imposed in part by the former. There is also a consider-

able pressure to include in the civil curriculum basic work in the mechanical and

electrical fields, and a very considerable pressure to enlarge the offerings in the

so-called "Social and Humanistic Stem". I am wondering if more work in the field

of Physics and Chemistry should not be included as basic for the work in engi-

neering, should all engineering students have at least an introduction to organic

and physical chemistry. There is also some pressure put on by the industrial groups

to include work in the business field. It would seem that the future engineering

graduates should be so trained as to fit into any kind of work in any field. Can

this job be accomplished in the normal four-year curriculum?

As you undoubtedly know, courses have been taken from the engineering

curriculum due to the pressure for others that appear to serve a greater purpose.

This may be what has happened to some of the work pertaining to railway

transportation.

From Swarthmore College:

The present trend in most schools having accredited curricula in civil engi-

neering is to eliminate courses dealing with specialties and concentrate upon those

courses dealing with fundamentals. By fundamentals is meant mathematics, chem-

istry, mechanics—both theoretical and applied, electrodynamics, thermodynamics,

•and fluid mechanics. In the field of mechanics, great stress is being laid upon

courses in advanced strength of materials, particularly courses dealing with elas-

ticity and plasticity.

The reason for abandoning the old courses dealing with particular applica-

tions of engineering theory to engineering practice, is because the field is changing

so rapidly that a man trained in a particular application will probably find con-

ditions entirely different when he graduates. In a time when the science of engi-

neering is advancing as rapidly as it is at present, the only practical thing to teach

is theory.

Let me illustrate the above statements by some practical examples. Let us

assume that you want a young graduate to enter your accounting department.

Would he not be better prepared for your work if he has had a thorough ground-

ing in accounting, in economics, in various theories of depreciation? I do not know

how you compute depreciation. I suspect that the method that you use is one

which has developed in your offices and meets your local conditions and has

received the approval of the Bureau of Internal Revenue. The young man who

entered this particular field would actually find it easier to learn your ways if

he had no preconceived ideas as to how the work should be done.

The same thing applies to your signal system. We believe that a graduate

who has been thoroughly grounded in electricity, who knows his theory, will

more quickly and thoroughly master your signal system than one who has spent

hours studying various types of signal systems which are doubtless outmoded by

the particular system which you use.

I repeat, the only practical thing for colleges to teach is theory, because if

a man has been taught to think his problems through, if he has been thoroughly

grounded in mathematics, if he has applied his fundamental theory to many

different types of engineering problems, he will learn more rapidly on your job

than a man who comes to you with a lot of facts poorly digested and inapi. "cable

to vour needs.
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Today there is a great need for distinguishing between professional and sub-

professional training. When the railroads hire college men they should hire them

with the realization that they must give them practical training after they get

on the job, that they must familiarize them with the railroad, they should keep

in mind always that these men are to be professional men and that their great

value to the railroad will come from their abihty to analyze problems, their

ability to think out new ways of doing things. New ideas are most powerful.

Furthermore, these men should be your prospective leaders in every field.

They should be the ones who will carry the administrative burden in a few

years. This type of man will be worthless unless he is given an opportunity to

think. A race horse hitched to a plow soon becomes a plow horse.

If these random thoughts on your problem result in your seeing ways in

which they can be applied, I will have accomplished my purpose. No teacher not

intimately associated with railroading can give you the practical solution to your

problem, but it may be that we can help you to ask the right question.

From the University of Tennessee:

For a number of years we conducted railway curves and earthwork as a part

of our civil engineering offerings. Then, because of the trend to highway con-

struction, we changed the railway curves to railway and highway curves and

earthwork. We will continue this course as a part of our second year surveying.

We discontinued railway location and design about ten years ago because of our

difficulty in placing men with the railroads. For more than ten years we did not

place a graduate in railway work. During the last five years there has been some

demand by the Southern Railway and the Louisville and Nashville Railway for

civil engineers. A few of our graduates have been employed by these two railroads.

When we introduced our cooperative program in the late twenties we had

cooperative employment with the Southern Railway. After a few years this

employment was discontinued. As a result of this experience our students have

not been very anxious to find railway employment.

During the period I have chided our local engineers, making claim to them

that they need to recruit new blood to take the places of the older men in the

organization. At the present time we have a better opportunity of placing men
with the railroads than we have had during my stay at the University, which has

been for more than twenty-five years. I personally have had a little railroad

experience and feel that it is the type of experience which should be attractive

to college men.

We will be glad to cooperate with the railroads in building up a program

which will furnish them with young engineers.

From the University of Texas:

Your letter of September 30th was very refreshing. If a sufficient number
of executives in the railroad field would follow your leadership I believe it would
offer a solution to some of the problems facing the railroad industry.

For a number of years the writer served as director of the training program
in one of the divisions of the International Harvester Company in Chicago. In

this capacity we had an opportunity to meet in confidential conferences with a

number of the men likewise responsible for the training of college men in the

railroad industry. One could not help but be impressed by the problems presented
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by the men who were trying to work with the raihoad groups. For some reason

they were seldom able to sell the administrative heads of the railroads to make

better use of college trained men.

Some years later I had the responsibility of placing the cooperative engineer-

ing students of the University of Tennessee in the west Tennessee area. I was

able to place a very large quota of these men yearly as cooperative students with

the public service companies, manufacturing companies, Federal engineering offices,

with consulting engineers and municipalities. Although I spent 50 percent of my
time attempting to place advanced engineering students in cooperative positions with

seven of the railroads serving that area, the results were very discouraging. While

I believe I had the full confidence of the local executives of most of these rail-

roads, their recommendations to take on college students were repeatedly rejected

by the top management of their respective roads.

I believe I am sympathetic with the problems of the American railroads

By heritage I should have been associated with them. However, I do feel that

many of the problems that have confronted the railroad industry for the last

two decades could have been solved if they had had a large percentage of

capable, young technical men in their ranks.

I certainly will be glad to join with you in giving assistance to re-vitalize the

industry. I doubt whether the course in railway engineering is seriously involved.

Personally, I think it is primarily a problem of the attitude of top management

of our American railroads.

From Agricultural and Mechanical College of Texas:

President Gilchrist has referred to me your letter of September 30th, regard-

ing cooperating of colleges with railroads in the training of young men for posi-

tions with the railroad. I have referred this matter to Professor C. W. Crawford,

Head of our Mechanical Engineering Department, under which a railway engi-

neering option was conducted up till 1929. At that time, it was dropped in favor

of the more general courses in mechanical engineering for two reasons. The first

was, at the time of graduation very few of our men know exactly what specialties

they will be employed in, and the tendency is to prefer general engineering along

the mechanical lines. The other reason is that although we had a number of men

go into railroad engineering prior to 1929, as far as we know none of them stayed

in because of the apparent lack of opportunity of advancement and encourage-

ment offered them. Whether these facts be right or wrong, it is one of the answers

to the question, why young men have not stayed in the railroad engineering work.

We are very cognizant of your problem; in fact I heard a very interesting

talk on the subject last June at the SPEE meeting in Cincinnati.

In view of the special equipment, as well as specialized teachers, which will

be needed for us to go into this field, it is doubtful that we will reinstitute our

course in railroad engineering for some time, at least. I have a feeling that the

same end can be met by proper training in mechanical engineering. To this end,

we would be glad to cooperate with you to the fullest extent since we realize, as

you do, the increasing importance of the transportation field and the excellent

possibilities in that field for young men. Any suggestions that you might have

as to matters which could be included in our curricula or for outside speakers

who would be willing to come here and discuss the railroad transportation field

would be greatly appreciated,
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P'rom the Tulane University of Louisiana;

My contacts in connection with the accrediting program of the Engineers'

Council for Professional Development create the impression in my mind that

the inclination for offering instruction in courses relating to rail transportation is

decreasing. I judge from what I have heard, as well as from my own experience

here at Tulane, that opportunities for employment in the past have been few

and the rewards small in comparison with opportunities in industry relating to

engineering. Personally, I have regarded it as the direct result of the old law of

supply and demand.

While the conditions mentioned may be a result of natural developments,

it seems to me unwise. You mention in your letter things which should prove

attractive to many engineering graduates. Rail transportation will always be the

backbone of the nation's defense. It is essential to the nation's prosperity—in

fact, to its very existence. It would seem that vast sums of money must be

expended in renewals and improvements. It would seem, too, that a large part

of such moneys would be spent upon the recommendation of the engineer and,

to a certain extent, in accord with his estimates.

It only requires a careful examination of the Manual of the American Railway

Engineering Association for one to realize that railroading and railroad engineering

is a tremendously broad field, embracing so many different branches of engineering

and extending so far into the various ramifications of human endeavor that one's

first thought is that the engineer engaged in the practice of railroad engineering

should possess a broad and thorough training and discipline in the fundamentals

underlying all branches of engineering.

Four years is a rather short space of time in which to learn many subjects

well. It should suffice, however, and it is my opinion that the specialization should

be gained in actual employment rather than in attempting to learn specialties

in college. In fact, it is may opinion that most of our engineering schools are

some years behind actual practice in many of the so-called specialty courses which

they give. Therefore, to be brief, it would seem that the perspective engineering

employee of the railroad should be a well disciplined graduate of an engineering

course. Civil Engineering is perhaps one to which the railroad may well look

for many of its future employees. At the present time Tulane University, in com-

pany with many others, has seen fit to reduce the instruction pertaining to rail-

road engineering in order to supply informative courses relating to highways

and highway engineering. Thus, we find the courses that you and I took in

college when we went through Searl's Handbook on the railroad curves and

earthwork replaced with somewhat easier books entitled "Route Surveying".

I do not regard this as a move in the right direction. While the highway engineer

has much to learn, I regard basic training in railroad field work and engineering

as a most excellent foundation upon which the highway engineer may well build.

Nevertheless, there seems to have been a decided trend in the direction mentioned.

Here at Tulane in the four-year course, as given by our School of Civil Engi-

neering, there will be a return to railroad curves and earthwork with exercises in

the classroom and on the campus, coupled with a period at the close of the

sophomore or junior year in a survey camp of practice; and there will be three

hours per week throughout the year given over to engineering transportation in

which it is hoped to at least consider some of the aspects and problems relating

to terminals and port developments. This is about all of the time which Tulane
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can afford in view of the demand of other courses of a basic nature such as

bridges, water supply, sewerage disposal, etc. It would seem, however, that these

also constitute a very direct part of railroad engineering.

If I may make a suggestion it would be that the railroads, through properly

qualified individuals, recommend those things which should be included in the

courses in transportation engineering which necessarily must be of a somewhat

limited nature. The courses in transportation engineering are not always given by

those who are best informed and I feel that better results would be obtained if

those things which are needed most were given attention. Surely those things are

better understood by the railroads than the colleges.

If I might judge from my personal experiences, it would seem that perhaps

the railroads have not displayed, in general, the spirit of cooperation which has

been indicative of other branches of engineering. Probably I am mistaken, but I

do not recall as many addresses before engineering societies by those connected

with railroad engineering as by those engineers and officials of other kinds of

enterprises. It is but seldom that the representative of the engineering department

of a railroad visits us to look over the men about to graduate and discuss with

them the possibilities of employment; yet this is quite a common practice on the

part of our great industries, and they get the cream of the crop.

Since the time of the student in college is limited to four years, as a rule,

why is it not possible to arrange for summer employment, taking on the young

man at the close of his freshman year and in succeeding years of his college course ?

Upon graduation he would be a far more valuable man than those who take the

so-called specialized courses. Possibly I am wrong but it has been my impression,

after a somewhat long life spent in the practice of and teaching civil engineering,

that the college is not the place to specialize.

Railroad engineering is so tremendously important to all of us that I have

written you in all sincerity. Your letter is one of the most interesting letters which

I have ever received dealing with engineering educational problems.

From the University of Virginia:

In the last twenty years few of the engineering graduates of the University

of Virginia have taken positions with the railways. I haven't investigated this

situation carefully but have assumed the reason to be that the railways were

offering them less in the way of opportunity and in the way of salary than they

could get in other engineering fields. I doubt that our school has had over five

graduates in the last twenty years who have taken positions with the railways.

We have no courses nor special training in the field of Railway Transporta-

tion. Some years back we dropped from our curriculum a course in Railway

Maintenance of Way for the very reason that few of our graduates seem to desire

to take positions with the railroads. We still maintain the usual course in Railroad

Curves and Earthwork and another in Railroad Bridge Design but these courses

have been retained more for their general value in an engineering education than

for their specific value in training engineers who expect to enter the field of

railway engineering.

I am quite sure that the railways will have no difficulty in getting engineering

school graduates when they set up a schedule of positions of equal opportunities

and equal pay to that which has existed for sometime in commercial and indus-

trial fields of engineering. With us the same situation exists with the State High-

way Department. I have never been able to interest many of our graduates in
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taking positions with the Highway Department. I got two of our graduates located

with the Highway Department a few years ago and within a week they had

several more attractive offers, one of which was accepted.

When your committee has formulated a program we will be delighted to

cooperate with you as far as we are able and as far as seems justifiable under the

circumstances. If that should mean the installation of certain new courses, par-

ticularly in the field of Railway Transportation, I think that could be arranged,

provided there were definite and attractive opportunities for our graduates in

this field.

From Virginia Military Institute:

As you know, VMI's Civil Engineering Department has placed many men
with our railroads and those who have stuck with the job are doing well. In

my opinion this is partly because the railroads with their strict discipline and

chain of command are fundamentally organized along army lines and our men
have therefore fitted well into the picture. We have found that we must be most

careful in "steering" the right boys toward a railroad job. The young man must

have stamina, be able to get along with anybody from the president to a negro

track hand and must have the makings of an executive. This is particularly true

of those roads such as the Southern where many of our young men have served

as apprentices. He must realize that he will work at least six full days per week,

that there will be few if any holidays and that he may not see a lot of his family

at times. However, there is a place for him at the top if "he can take it". I think

any young man can well afford to work a few years for the railroads even if

later he goes over to other type of work. He will get a discipline and a knowledge

of teamplay that he would get only there or in the army.

Personally, I think that the best thing the railroads can do is to hire a bunch

of youngsters who don't know much (just a little for orientation) about rail-

roading. Too many railroad men know so many "things that can't be done because

they have never been done that way before". A fresh viewpoint of live youngsters

well based in the fundamentals of engineering can bring many new and revolu-

tionary ideas to the railroads.

We reahze that the railroads want men who will fit into their work without

too much training. Here at VMI we plan to give two courses in Transportation

work after we return to normalcy. Each of these will run for sixteen weeks and

will have three recitation periods and one two-hour field period per week. The

first term (1st Class year) would be given to Highways and Airfields since so

much of the work of runway grading and construction is similar to highway work.

The second term would cover Railroads. We will not, as in the past, give so much
time to surveying parts, curve computation, etc., but give a considerable portion

to organization, operation, traffic control, etc. The instructor and text will be

largely supplemented by outside lectures. We have taken the liberty of assuming

that you would, when the time comes, help us to outline this course and give at

least one of the lectures yourself.

When we return to normal summer vacations I will be only too glad to

arrange with any railroad to send our undergraduates or members of our staff

to work for the summer months and allow these men, if they made good, to look

forward to eventual employment by the railroad for whom they had worked.

You can quote me as saying that a young man with brains, stamina and

potential executive abiUty can carve out a real career in railroad work, particu-
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laily in the immediate post-war period when so many older executives will be in

immediate need of a young understudy and assistant who can be pushed on as

rapidly as he can absorb the work. Too many of our engineering colleges think of

the men who have gone into the Bridge Division or strictly engineering depart-

ments of a railroad and have gotten stranded behind a desk or a drafting board.

In my opinion the real future of the young engineering graduate is in maintenance

of way and in the operating end of the work.

From Virginia Polytechnic Institute:

This College has always paid a great deal of attention to railroad work and

many of our graduates are employed in important positions in the various rail-

roads. The Pennsylvania Railroad Company and the Norfolk and Western Railway

Company have been in the habit for a number of years of looking over our

graduating class each year and selecting the men that they considered suitable for

this work. Other companies such as the Southern, Chesapeake and Ohio and the

Virginian have also taken some of our men and your railroad has at least one

of our graduates. In the Civil Engineering Department we bring railroad work

into such courses as Structural Design and Surveying which includes railway curves

and earthwork. In addition to these fundamental subjects we offer an optional

course in railroad engineering based on Raymond's "Elements of Railroad Engi-

neering" which covers all phases of railroad engineering work rather briefly but

we hope, sufficiently thoroughly, to promote interest in the subject and encourage

additional reading.

I believe that both the Mechanical and Electrical Engineering Departments

also pay a good deal of attention to the railroad engineering. Among the students

there is an organization known as the Railroad Club made up of those men from

the various engineering departments who are primarily interested in railroad work.

This club invites from time to time outside speakers usually railroad officials and

makes inspection trips to railroad installations which may be of interest, particu-

larly in Roanoke, Clifton Forge and other nearby railroad centers.

From the University of Washington:

During the first decade of the present century, I think it is safe to say,

railway companies employed more of the graduating civil engineers than any

other single industry. Certain it is that they annually took a considerable per-

centage of the civil engineering graduates turned out by our colleges. During the

second decade, however, there was noted a rapid falling off in the number of

graduating engineers who were employed by the railways. This decline has con-

tinued uninterrupted to the present time. During the last ten years employment

of graduate engineers by the railways has been a very rare occurrence and has

averaged, perhaps, not more than one out of five hundred graduating seniors.

We have often wondered why the market for graduate engineers in such an

important industry as the railways has fallen almost to zero, while as far as other

types of industries are concerned there has been a gradual and substantial increase

in jobs available to engineers.

In the civil engineering curricula there have always been a considerable

number of courses, the subject matter of which had to do specifically with rail-

ways including their construction and operation. In view of what has happened,

it is not to be wondered that colleges have tended to reduce the number of

railway courses made available to engineering students. It appears to me that the
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move which your committee is initiating is highly desirable and very much in

order. Let the railways and the colleges discuss this matter thoroughly. I feel

certain that if the railways will point out to the colleges what their needs arc in

the way of trained engineering personnel and will undertake to maintain a market

for engineering college graduates trained in the fundamentals of railroading, the

colleges will be more than happy to cooperate fully in setting up the necessary

curriculum.

For a long time the railroads have been a closed corporation for our graduates

except for a call now and then for a rodman or chainman, and they have evi-

denced no interest in our courses, equipment or graduates. Positions in the office

were open only to sons, nephews and other relatives of the organization. Several

of our students do hold responsible positions but they entered through family

connections.

If the railroads are sincere in their efforts to establish a cooperative relation-

ship with the colleges of engineering, I would feel that that sincerity must be

evidenced by a specific policy on their part. I would suggest three definite actions.

First: Let the railroads see that office positions as well as field positions are

available to our graduates. Let the railroads get away from their nepotism

so that our graduates will feel that the railroads will offer them some-

thing more than temporary employment as a rodman or chainman.

Second: Let the railroads furnish the engineering colleges giving courses in

railway transportation, certain equipment and exhibitions which will not

only stimulate interest in railway engineering but which may be used

for instructional purposes.

Third: Let the railroads subsidize certain research work in the way of

scholarships in railway transportation.

From West Virginia University:

Answering specifically the questions raised in your letter, there is little that

I can add at this time to what I have already told you in the past. I believe that

we are doing everything possible at West Virginia University to interest our

engineering students in railroad engineering, particularly in the broader aspects

of transportation engineering through the able teaching work that is being done

by our Professor W. S. Downs.

From the University of Wisconsin:

I am one of those who would like to see a close entente between the railways

and the colleges of engineering, and I am interested in any steps leading in that

direction. Back in 1922, following an AREA convention at which the subject

had received some attention, I made a strong effort to bring about a conference

between railway men and teachers of engineering in this area. The teachers were

cooperative, but railway officials were apathetic, so the matter was dropped.

During the next twenty years, we averaged seven-tenths of a graduate per

year going into railway work. We were graduating an average of about 40 civils

a year during that period; so it is obvious that the railway field did not loom

very largely as an outlet for our graduates. Gradually one required railway engi-

neering course after another was dropped from our curriculum. As professor of

railway engineering, I found the progress of events unsatisfactory, but the trend

was steady and definite, and nothing could stop it.
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Our failure to place graduates in the railway lield was not the result of

policy on our part. At first, I was able to place men, but the railways did not

hold them. Gradually it became evident that it was not a good thing to try to

place men with the railways. Railway work was, and still is, appealing to young

civil engineers, it would be easy to direct graduates into that field, if there were

certainty that they would be satisfied there. But high-grade men will not be

content unless their progress is comparable to that of their class-mates in other

fields of activity. That is human nature, and any scheme for employing college-

trained men in the railway field must take account of it.

Here at the colleges, we have an opportunity to see something of the per-

sonnel policies and practices of industry. I think that the railways have much

to learn from industry in regard to the handling of college-trained personnel.

One important policy of industry is that of providing formal training of

college graduates in order to fit them for specialized work. Industry says, in effect:

"Train the engineering student in the fundamentals and teach him how to apply

the fundamentals to practical problems. We will then take him into our organiza-

tion and train him in the details of our particular business."

Our college curricula are alike in their inclusion of the teaching of how to

make application of principles; but they differ in regard to the problems they

use in teaching the application of principles. When railway engineering was a

popular field, we offered many courses in railway subjects for the purpose of

teaching the application of fundamental principles. When highway engineering

was in its prime, we had a large assortment of highway courses for the same

purpose. At the moment, air transportation is prominent in the public mind, and

many schools are going in for courses in aviation. Experience shows, however,

that a well-trained man will do well in any field, regardless of the type of prob-

lems used to teach him the application of principles. Wisconsin graduates have

done well in the airplane factories, even though we have no "chair" of aviation

at Wisconsin.

If and when the railway field offers an attractive outlet for our graduates,

we will undoubtedly have more courses in railway subjects in our curriculum.

I am convinced that if the railways sent competent recruiting officers to the

colleges and selected carefully among the best of the graduates, they would find

that they had most excellent material for the railway service, even though the

men had not specialized in railway engineering. The railways can begin imme-

diately to recruit new graduates, without waiting for special courses in railway

engineering to be set up. That is the most practical way in which to make a

beginning.

As I said previously, the railways would have to modernize their personnel

policies if they planned to keep their recruits. They must have proper recruiting,

training course, and adequate supervision over the progress of the recruits.

From Worcester Polytechnic Institute:

I have followed with considerable interest the reports and discussions on

this subject in the proceedings of your society since these committees became active.

Worcester Polytechnic Institute, like many other engineering colleges, gave

courses in Railroad curves and Earthwork (Route Surveying) and in Railroad

Engineering (Construction and Maintenance) and also a Senior elective course

in Transportation. The first course is still a required course for all Civil Engi-

neering .students, hut the latter two courses were discontinued after 1941 due to
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lack of interest for a majority of the Civil Engineering students and to the pres-

sure for more work in structures and allied courses.

As has been pointed out in many of your discussions, I beUeve the lack of

interest was due to an accumulation of many ideas relative to the opportunities

for compensation and promotion in railroad work as compared with many other

branches of Civil Engineering.

In our own case a majority of our student body are from New England

and their observations of railroad activity have not been inspiring.

I believe there are three courses that might stimulate a renewed interest among

civil engineering college students in Railroad Engineering: (1) In each section of

the country one railroad, at least, that would conduct a summer camp program

of two periods, the first of which would consist entirely of field work—section

crew, track maintenance, cross sectioning, etc., etc.,—the second period, yard and

office work; (2) Apprentice training after graduation, with reasonable compensa-

tion and unhampered by labor regulations or seniority rules; (3) Some modern,

up-to-date texts covering railroad construction, maintenance and economics of

operation, based on authoritative findings of various AREA Committees.

Your committee feels that a careful reading of all of these comments will lead to

the conclusion that there is needed a well thought-out program of cooperative educational

work, such program to be worked out between Committee 24 and representatives of our

leading engineering educational institutions; in all probability this could be accompHshed

by working with the Committtee on Engineering Education of the American Society of

Civil Engineers. The importance of this matter to the railway companies cannot be over-

emphasized—the future or post-war period is going to place upon the railways the

burden of preparing for an intensified competition in the transportation field and railway

organizations will need well trained, aggressive young men to carry the future respon-

sibilities.

In presenting this progress report your committee recommends that the matter be

pursued aggressively during the coming year looking to a program of education and

cooperation which could be presented to the Association as a conclusion.

Report on Assignment 2

Call to the Attention of Universities and Colleges Such Information

and Conclusions Developed by the Association

As Thought to Be of Special Interest or Value to Them

W. D. Faucette (chairman, subcommittee), W. C. Barrett, P. O. Ferris, R. B. Kittredge,

B. R. Kulp, F. R. Layng, A. E. Perlman, Barton Wheelwright.

This is a progress report, presented as information.

This subcommittee was requested to make an inquiry of various colleges and univer-

sities as to the extent to which they used the AREA Manual and other publications of

the Association in their class room instructions. This was to be supplemented by sugges-

tions as to ways in which the Association's publications could be made of more help for

instructional purposes. On this basis the work of the subcommittee proceeded.
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Five questions as hereinafter outlined, were submitted to a selected list of univer-

sities and colleges. In order to secure the opinion of those institutions that had repre-

sentation in the Association's membership, as well as institutions that do not have such

representation, the questions were sent to both groups. Many of those addressed replied

promptly, and in order not to expand the report too far, the subcommittee has made an

attempt to analyze the answers; the result follows in tabulated form. It will be under-

stood that in some cases where the answers could not be definitely classified, the sub-

committee attempted to interpret the intention and has so recorded the answers.

The tabulation "Table A" covers those institutions that have representation in the

membership, and is as follows:

Table A
Question No. 1: Do you, or any of your associates, use in your class rooms, or at

lectures, any of the bulletins, proceedings or the Manual of the American

Railway Engineering Association?

Replies received 25

Yes 25

Question No. 2: Do you make such use just occasional throughout the year, or do

you regularly refer to these pubhcations and reports?

Replies received 25

Regular use IS

Occasional use 7

Question No. 3: Does the form of the publications, as now presented, seem satisfac-

tory, or could the presentation be improved or made more adaptable and

helpful to college or university work?

Replies received 25

Satisfactory as now presented 20

Could be improved 3

Not answered 2

Question No. 4: Is the scope of the publications of the AREA broad enough, or

should there be any enlargement?

Replies received 25

Broad enough as now presented 18

Should be enlarged 3

Not answered 4

The tabulation "Table B" covers those institutions that do not have representation

in the membership, as follows:

Table B

Question No. 1: Do you, or any of your associates, use in your class rooms, or at

lectures, any of the bulletins, proceedings or the Manual of the American

Railway Engineering Association?

Replies received 22

Yes 13

No 8

Not answered 1
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Question No. 2: Do you make such use just occasional throughout the year, or do

you regularly refer to these publications and reports?

Replies received 22

Regular use 8

Occasional use 5

Not answered 9

Question No. 3: Does the form of the publications, as now presented, seem satisfac-

tory, or could the presentation be improved or made more adaptable and

helpful to college or university work?

Replies received 22

Satisfactory as now presented 12

Could be improved 1

Not answered 9

Question No. 4: Is the scope of the publications of the AREA broad enough, or

should there be any enlargement?

Replies received 22

Broad enough as now presented 10

Should be enlarged 2

Not answered 10

Under the fifth question, where the subcommittee asked for observations or com-

ments, it is not practical to make the full and complete quotation, but abstracts from

the replies of certain selected institutions are presented below. It is the belief of the sub-

committee that, under the assignment of the late chairman of your committee, the field

has been covered in order to get the reaction this year. It is realized that in the post-war

period, when economic conditions may have changed and the government establishes

rehabilitation processes, some opinions may be altered. That, however, will be according

to conditions confronted at that time. We are dealing with the present, and this must be

borne in mind in reading these items below.

Comments and observations from institutions having representation in AREA
membership:

Iowa State College, Ames, Iowa. (Frank Kerekes, professor of structural

engineering.)

For many years I have felt that the railroads, considered as one of the largest

industries in the country, should become alert to the problem of securing high

caliber young men from college. Then after they have selected these men, to give

them a broad one or two-year training course in all phases of railroad operation

and management. In this way the railroads could assign young men where they

show the greatest aptitude. The young men would have a broader conception of

the part they will play in the railroads. Then, finally since progress in responsi-

biKty and compensation is a basic factor in interest, productivity and advance-

ment, the railroads should establish a working policy toward the advancement

and compensation of the young men of merit who choose the railroad industry

as their life work.

Iowa State College, Ames, Iowa. (R. A. Moyer, research associate professor of

civil engineering.)

The greatest need in teaching railroad engineering courses in college today

is a good up-to-date textbook. There is not a single textbook published today
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which is up to date and adequately treats the engineering problems which the

railroads are facing today. Much of this material must now be obtained from

AREA publications. Railway Age, and other current hterature on railway engi-

neering.

Washincton University, St. Louis, Mo. (E. O. Sweetser, professor of civil

engineering.)

Summer employment of engineering students at a satisfactory scale of wages

would tend to interest students in the future of railway engineering.

The University of Wisconsin, Madison, Wis. (L. F. Van Hagan, chairman,

Department of Civil Engineering.)

Coming to the publications of AREA: We base a portion of our course work

on the Manual, which we accept as authority in its field, but the Manual is not

a book for classroom use. . . .

It might be worth while for your subcommittee to investigate the use of

AREA publications in the railway offices for the purpose of discovering the type

of publication that is useful. The latest authoritative material upon a subject is

often to be found in a bulletin from some research laboratory or from some

association. Undoubtedly AREA publications are in that class. The Association

might well consider making at least a few of the more useful bulletins available

to the engineering colleges at low cost. It might even undertake to prepare a few

bulletins especially for college use.

These are random thoughts stirred by your inquiry. They do not represent

any careful consideration of the subject. But I am one of those who would like

to see a close entente between the railways and the colleges, and I am interested

in any means to bring about such an entente. Students' use of material from AREA
would help to create a consciousness of the association in the minds of students.

Illinois Institute of Technology, Chicago. (R. L. Stevens.)

I question whether much can be done to increase the interest in careers in

transportation engineering in the engineering schools. The curricula are now so

full that new subjects can not be accommodated. The schools are trying to give

a solid fundamental training in engineering science and technology, and it should

be up to the industry to develop the highly specialized training needed to handle

its extremely diversified problems.

University of Illinois, Urbana, 111. (W. A. Ohver.)

In my opinion the most important work your committee can do is to con-

tinue your studies regarding the employment of young engineers by the railroads.

The railroads should increase and improve the advantages to be gained in making
railroad engineering a life career.

Ohio State University. Columbus, Ohio. (J. M. Montz.)

Personally I think railroad work badly needs "'selling" to the students. As
far as financial prospects and promotional prospects are concerned, I believe the

railroads offer the average student quite as much as in other types of employment

if you take the long view and am quite sure the work is quite as interesting, but

it needs selling. Most students, when they graduate are wild to get out and

build things, consequently they rush in large numbers into general construction

work and similar fields without realizing the heavy seasonal and other fluctuations

incident to such employment.
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C. C. Williams, Madison, Wis. (consultant in engineering and industrial educa-

tion, formerly president, Lehigh University, Bethlehem, Pa.)

The committee might undertake three things that would "stimulate greater

interest in transportation" among students: (1) Prepare a report and issue re-

prints as a brochure on career opportunities in railway service; (2) Cultivate the

interest of teachers through summer employment, etc.; and (3) Encourage rail-

roads to utilize the research facilities of Universities in solving practical railroad

problems.

A. & M. College of Texas, College Station, Texas. (A. A. Jakkula.)

Is it the intention of your committee to stimulate the giving of courses in

railway engineering? At Texas A&M such courses have not been given for a good

many years. We might be interested if the railroads plan on taking on recent

graduates again.

Harvard Graduate Business School, Boston, Mass. (W. J. Cunningham.)

In this School of Business Administration the viewpoint of the courses is

that of the business executive rather than that of the engineer. I would welcome

additional material in the field of economics of operation. The reports of your

committee in that field are especially valuable to me and have special personal

interest because I once served on that committee.

Comments and observations from institutions who do not have representation in

membership of AREA:

University or Maine, Orono, Maine. (W. S. Evans, head of Department of Civil

Engineering.)

Up to 1930 we offered a railroad major and used the AREA Bulletin exten-

sively. During the depression there seemed to be little attraction in the railroad

field, although a few of our boys may be found there. Personally, I feel that the

railroad industry has not given due recognition to the college degree. University

of Maine graduates have the reputation of expecting to work with their hands

and of being able to. On the other hand the length of time that some of the boys

have to work for the pay of a laborer has been too long. Railroading needs good

men—the very best—but it can't get them with what they have been offering

the young graduate in the past.

Illinois Institute of Technology, Chicago. (John C. Penn, professor of civil

engineering.)

Curricula too full now. Cannot add. We give basic engineering training only.

Make your engineering attractive and you will receive young men well trained

in fundamentals, who can be trained further lo suit your needs.

Iowa State College, Ames, Iowa. (T. R. Agg, Dean of engineering.)

I would Hke to call your attention particularly to the reply Professor Moyer

makes to item 5. The crying need of the universities is for a suitable textbook on

railway engineering. Such a textbook that would be acceptable and reflect present

day practice probably cannot be prepared by any one person. I suggest that you

can make a wonderful contribution if your committee can arrange for a group of

railway engineers to collaborate with some professor in the preparation of such

a textbook.

I
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University of Minnesota, Minneapolis, Minn. (A. S. Cutler, head, Department

of Civil Engineering.)

There are two things needed for more adequate instruction in railway courses:

(1) An up-to-date textbook on transportation, and another on railway main-

tenance; and (2) Good movies of railroad maintenance, yard layout and opera-

tion, etc., free from commercial advertising.

University of Florida, Gainesville, Fla. (Joseph Weil, dean. College of Engi-

neering.)

Believe that closer contacts between railway groups and engineering groups

would be advantageous to both.

State University of Iowa, Iowa City, Iowa. (F. M. Dawson, dean, College of

Engineering.)

To me the work of this committee is much better than it has been for many

years. Keep up the good work and be progressive.

University of Kentucky, Lexington, Ky. (D. V. Terrell, assistant dean of engi-

neering.)

I am very glad to note that the American Railway Engineering Association

is showing considerable interest in engineering education as applied to the railroads

of this country. This institution will be glad to cooperate with your association

in any way we can.

University of Michigan, Ann Arbor, Mich. (Ivan C. Crawford, dean of engi-

neering.)

For a number of years I taught railway civil engineering at the University

of Colorado, and I can assure that the publications of the American Railway

Engineering Association were of great assistance and were used frequently and

extensively.

Because there is an overlapping of thoughts in Assignments 1 and 2, it is felt that

the report prepared by Mr. E. M. Hastings, as chairman of Subcommittee 1, should be

read in conjunction with the report presented here.

Report on Assignment 3

Develop Means of Bringing to the Attention of Railway
Managements the Value of a Technical Education

As a Qualifying Factor For Young Men Desiring to Enter
Railway Service With a View to Advancement

F. S. Schwinn (chairman, subcommittee), W. C. Barrett, T. A. Blair, R. E. Dougherty,
P. O. Ferris, E. M. Hastings, W. B. Irwin, F. R. Layng, J. M. Symes.

Your committee submits this fifth progress report as information. Previous progress

reports will be found in the AREA Proceedings, Vol. 42, 1941, page l.^i?; Vol. 4.^, 1942,

page 177; Vol. 44, 1943, page 316; and Vol. 45, 1944, page 261.

In its first progress report on this assignment, your committee presented the views

of several railway executives on this subject. These executives indicated that they favored
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the employment of technical and other college graduates, but a I the same time stressed

the fact that educational qualifications were not paramount as opportunities for advance-

ment were offered to all employees. They recommended that such graduates be selected

after personal contacts and interviews by department heads and that natural as well as

educational qualifications should be considered. Their collective opinion indicated a belief

that properly qualified college men could progress more rapidly and meet the require-

ments of advanced positions more satisfactorily than men without the college background.

The majority of these executives stated that the college man was not inclined to remain

with the railway to the same extent as the man who came up from the ranks and there

was the added suggestion that railway management should advance the properly qualified

men with sufficient frequency to retain their enthusiasm.

Your committee also presented information regarding what inducements railway

management offered the properly qualified young college graduate and what was expected

of such a man by his employer. It then addressed an observation to management which

stated that "railway management should be interested in giving employment, training,

encouragement and opportunity to desirable college men in order to provide a reserve

from which to draw the future supervising officers, managers and executives, and in that

manner enable the railways to meet the competition of other transportation agencies

and keep abreast of industry in general". And in an observation directed to the young

man, it stated that "a desirable college man is a young man who, in addition to his

educational qualifications, has character and loyalty, has initiative and analytical abihty,

is a natural leader and organizer, is aggressive, is willing to take and execute orders and,

finally but of major importance, is not above starting at the bottom of the ladder or

afraid of hard work".

A Demand For College Men
In its second progress report, your committee presented information to show con-

clusively that there is a demand on the part of the railways for desirable college men
in order that they may be in a position to meet the future need for employees qualified

for advancement, but that the railways have not reflected this demand to the same

degree as other industries or to the extent to which they are justified in so doing. The

third progress report presented a comparatively brief but highly instructive survey of the

attitude of other industries toward the desirable college man based upon data obtained

from 19 industrial groups. The survey indicated the importance attached to the entire

subject by 27 representative reporting companies and outUned their handling and treat-

ment of the young man preliminary to, at the time of and following employment.

In last year's (fourth) progress report, a story recounting the experiences of three

railways which had systems for the recruiting and training of technically educated men
was presented. In these cases the systems, which had been inaugurated 20 to 45 years

ago, had been discontinued. Nevertheless, a review of those experiences proved that the

systems were capable of attracting and did attract desirable young men to the railway

industry. Over the years, a number of railways have adopted methods for recruiting and

training college men which have met with various degrees of success. Even under the

adverse influence arising out of the need of technical men in the armed services, a few

of these railways have been able to continue their system during the war years. Others

propose reinstating their recruiting plans after the war and still others are giving serious

consideration to the adoption of a plan which will fit in with and meet the needs of

their postwar programs.
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Just as in other industries upon which your committee has reported, there may be

a number of methods for recruiting young men adaptable to railway needs, all directed

to the same end although differing in the details through which that end is attained.

Your committee advocates no particular method but it does urge the railway, which is

not now deriving the benefits from a suitable recruiting plan, to adopt one which will

meet its peculiar needs. For this reason, certain of the high-lights of earUer reports have

been briefly reviewed in preceding paragraphs. This review may serve as an index of the

information previously gathered and reported and thereby assist in developing an interest

in the subject on the part of railways which have no presently activated recruiting plan.

With the same purpose in mind, your committee now undertakes to report the somewhat

intimate story of a highly successful plan that has been in operation on one railway

system for many years; a plan which has met the test of time and has proved its value

to that property. The story which follows tells how a railway system selected and trained

8S young men who are now occupying positions as general and division officers.

The Student Apprentice System of the Southern Railway

Thirty years ago the Southern recognized the desirability of selecting qualified young

men who showed the necessary aptitude for special training, primarily in the maintenance

of way and structures department. Thereupon, in 1914, it adopted a system whereunder,

so far as practicable, engineering graduates were selected, although the list of trainees

included many who were not technically educated but who had good qualifications of a

practical nature. The system was temporarily discontinued during the first World War,

but it is of particular interest to note that, of the apprentices employed during the first

three or four years under this system, five men are still with the Southern. One of these

is a vice president, two are division superintendents and two are division roadmasters

(the latter being the same grade as division engineer on many railways).

The training course was not actively resumed until 1925; therefore, the bulk of the

real progress under the system has been made since that date. Quite naturally all of the

men who have taken the apprentice training are not now with the propertj'. But the

Southern does have 85 men who are products of the training, the list including the five

already mentioned, one general manager, seven additional division superintendents and

five additional division roadmasters, one assistant division superintendent, seven train-

masters and 59 others occupying official or supervisory positions. There are also 14 stu-

dent apprentices in training at the present time.

During the earlier years, the selection of the apprentices was made by the assistant

chief engineer but, in 1934 as the system developed, the student apprentice system was

divided into three parts and the responsibility of making selections was placed in the

hands of the three general managers. In this connection it is important to note that the

Southern apparently has followed the same course so commonly adopted by other in-

dustries, that is, to place the activation of a plan for recruiting and training of young

men under one or more senior officers who are in a position to give the entire matter

the serious attention and guidance which it deserves.

Under present war conditions, the Southern has not found it practicable to obtain

college graduates, but it is proposed to return to the selection of such men as soon as

conditions permit. The selections of the past have been made by means of contacts with

the faculties of several colleges that were familiar with the kind of men desired by the

railway. Included in the qualifications which are considered desirable by the Southern

is the quaUty of leadership in college activities. A man displaying leadership, such as the

president of a debating society, the captain of a football or basketball team, the editor

of the school magazine or a man engaged in some other activity tending to make him
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stand out among his fellows, is of the type preferred. When the college faculty member,

more often the professor of engineering, suggests a man, an interview is arranged. During

this interview, the apphcant learns exactly what is expected of him. The work is described

and emphasis is given to the fact that he will be expected to learn how to work with his

hands, how to use tools and how to deal with human kind. He is told that he will live

with the laborers on the section, extra or bridge gang in order that he may learn their

point of view and have a better conception of how they may best be dealt with when

that function becomes his duty in later years. This interview also affords an excellent

opportunity for gaging the appHcant's reactions, his earnestness and his willingness.

Not Limited to College Men
While a great many of the Southern's student apprentices have had educational or

college backgrounds, some of the men selected have been those who had developed good

practical qualifications as employees and men of this group were and are encouraged to

take up or continue appropriate studies through correspondence schools and the extension

courses of universities Such studies are carried along with the regular training course

and these men have done very well, the group including some of the division roadmasters

and track supervisors.

The student apprentice on the Southern receives his training in the maintenance of

way and structures department. He will be placed first as a laborer in one of the gangs.

During his early training, he is required to write papers at irregular intervals which will

show how he has progressed in learning the practical phases of maintenance and the

extent to which he may have exercised his powers of observation. The scope of these

papers includes such subjects as framing of a trestle; applying a roof; framing a roof

truss; how a bridge should be painted; construction of a switch stand and how to attach

it; how to install a turnout; description of a standard switch with its various plates

and braces; how rail should be laid; how ballasting should be done; what is expected

of treated cross ties; how cross ties should be cared for; what kind of tools are best;

how to handle a gang in mechanical tamping and other similar or related subjects. The
list of subjects is quite extensive. These papers are reviewed and, if necessary, they are

corrected and criticized. They serve the added purpose of keeping in touch with the

individual, and the apprentice knows that his efforts are being observed and probably

being weighed and classified. He is informed regarding the corrections made in his papers

and the reasons for the changes are explained to him.

When the student apprentice first enters the employ of the Southern the starting

rate is varied to meet the particular qualifications of the man in the way of extent of

education, previous experience and similar variables. There are several intermediate rates

of pay between the starting rate and the rate which is paid an assistant supervisor. This

spread permits advancement in salary as the apprentice progresses and the salary increases

are considered advisable and deserved. During this period, the system chief engineer's

office maintains a careful record of each man, both through the papers he submits and

by means of a diary showing his work from day to day and which he is required to file

once a month.

The next promotion if earned is to the rank of track supervisor or bridge and build-

ing supervisor. After the apprentice is promoted to a supervisory position, he is no

longer under the direct supervision afforded by the student apprentice system and his

further progress depends entirely upon his own efforts to improve his position, but

throughout his training course and subsequent thereto, he is encouraged to broaden

his knowledge and experience by extensive reading of engineering and railroad periodicals.
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Desirable reading matter is provided for the group and this is selected not only to enable

the men to keep abreast of advances in railroad work but in other lines of general interest.

The Southern attempts to give these men a general knowledge and a broadened vision

which will help to develop them into men trained to think and to act.

Subsequent Advancement

In ordinary times, it will require the student apprentice about three years to attain

the position of supervisor in either the track or bridge department. Having attained such

a grade, the man becomes eligible for further promotion, and this may be in either the

maintenance of way or the transportation department depending upon his aptitude. At

the present time, four of these men are employed as assistant trainmasters. Occasionally

there are opportunities for returning men to maintenance work after they have spent

some time in the transportation department. There are no fixed rules for such transfers,

but the opportunity is offered whenever it appears to be desirable and, quite naturally,

transfers as between the departments depend to a large extent upon the tendencies and

qualifications of the individual. It is interesting to note that all of the apprentice students

who have advanced beyond the grade of division roadmaster were technically trained men.

The management of the Southern is well pleased with the results obtained from the

operation of its student apprentice system, and has given the system encouragement in

every way possible. In reviewing the system, it becomes apparent to the reader that it

might be broadened very easly so that the apprentice would receive some training in his

early years in other departments as well as in maintenance of way work. This additional

training might be in transportation, in freight or passenger service, in accounting, in public

relations or elsewhere. Depending upon the aptitude of the apprentice, training courses

might be arranged in several different departments which conceivably could provide

excellent results.

The application of a training course such as has been here described must, of neces-

sity, be made to fit in with employee agreements. The Southern has an understanding

with the Brotherhood of Maintenance of Way Employees that permits these students to

work and to use tools just as any other laborer. This understanding includes a provision

that the employment of student apprentices will not reduce the number of laborers that

would be employed otherwise.

Influence of Agreements

Although the Southern has been able to set up a very satisfactory system in its

maintenance of way department, this has not been possible in departments affected by

its agreement with the clerks' organization and only to a hmited extent in the mechanical

department. The clerical forces are all subject to seniority rules but, regardless of this

fact, the Southern has made a practice of selecting new employees with considerable care.

Under normal conditions, it is the practice to fill subordinate positions with young men

or women who are at least high school graduates and many of them arc graduates of

higher educational institutions. Applicants are required to submit an application form

which includes a number of mathematical problems that must be solved. They are also

given a personal interview by the employing officer for the purpose of forming a judg-

ment opinion of the applicant's general qualifications.

The Southern has .several plans for the training of clerical employees, including night

schools for the training of operators of calculating machines and other mechanical office

devices and classes designed to educate employees to become rate clerks. In the latter,

they are taught the fundamentals of the application of freight and passenger tariffs in

the verification of rates and the apportionment of such rates between railroads.
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In the accounting department, employees who have shown exceptional ability are

selected as student auditors and are given training for promotion to positions such as

that of traveling auditor or special accountant. Employees in this department are also

encouraged in the study of higher accountancy through enrollment in night schools or

through correspondence courses. Washington, Atlanta, Cincinnati and several other cities

served by the Southern provide excellent facilities for such studies. A number of the

Southern's officers and supervisory employees are graduates of both accountancy and law

schools, having entered upon and completed such educational courses after becoming

employees of the railway.

The mechanical department of the Southern formerly employed a number of student

apprentices who were graduate mechanical engineers. These apprentices were given the

title of assistant mechanical engineer and, upon gaining sufficient practical experience,

they were advanced to the position of shop foreman. There are no apprentices of this

type presently employed and all of those formerly so employed either have been pro-

moted or have left the service.

• The use of apprentices in the mechanical department became the subject of a memo-
randum of understanding with the shop crafts under which the Southern may employ

only six apprentices; that is, two each on the eastern, central and western lines of the

system. This agreement requires the apprentice to select the craft in which he desires to

have seniority. After the completion of a three-year training course, his name is placed

on the seniority list of the selected craft and his future employment depends upon his

seniority standing. In case one of the.se men is promoted before attaining craftsman's

seniority, he is given seniority in the craft in which he is promoted to supervise as of

the date of such promotion, except when he supervises more than one craft and in that

case he selects the craft in which he desires seniority. The seniority restrictions have made

it difficult for the mechanical department to satisfactorily develop student apprentices,

but notwithstanding this handicap, the Southern has some men who have completed the

training course and are now foremen.

Summary

Reverting to the student apprentice system of the maintenance of way department

which has been described in some detail, the Southern has developed no special literature

or used any other special means designed to interest the college student in railroading.

Under normal conditions, there usually were a number of applications on file from col-

lege students who desired to take its apprenticeship course and, by means of close con-

tact with the authorities of the several colleges in the Southern's territory, any lack of

applicants could be quickly overcome. The men who have remained with the Southern

have all been placed in the transportation or maintenance of way departments. While

the system has been very satisfactory as a whole, its operation under present wartime

conditions has been handicapped to some extent because of the difficulty in securing

men having the required qualifications. Regardless of this handicap, there are still a few

available and the Southern will find itself in a distinctly advantageous position in meeting

its requirements during the post war period through keeping the system alive. It will be

in a position to avail itself of some of the best among the men returning to civilian

endeavors and such a state of preparedness will enable the Southern to build up a group

of young men well qualified for future consideration in making its selections for advance-

ment in its service.

Your committee desires to take this opportunity of expressing its sincere appreciation

to Mr. J. B. Akers, assistant chief engineer of the Southern Railway System, for his kind
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cooperation with the committee by furnishing the information that has made this report

possible. Mr. Akers has been closely associated with the operation of the student appren-

tice system on the Southern since its inception and much of its success must be attributed

to his personal efforts.

Report on Assignment 4

Stimulate a Greater Interest in the Science of Transportation

Among University and College Students

And Create Thereby a Greater Appreciation of the Place of Transportation

in Our National Economic Structure, Cooperating with Organizations

of University and College Students and Contributing to Their

Activities in Such Manner as May Be Mutually Arranged

R. P. Davis (chairman, subcommittee), Lem Adams, O. W. Eshbach, R. B. Kittredge,

C. T. Morris, W. C. Sadler, F. S. Schwinn.

At a meeting of Committee 24 at Cincinnati on June 23, 1944, Subcommittee No. 4

was instructed to make a study of the relative salaries of engineering college graduates

in railway and in other services, to determine the accuracy or inaccuracy of the impres-

sion widely prevalent among coUege faculty members and students that graduates enter-

ing railway service do not do as well financially as elsewhere.

The subcommittee was instructed to ask seven representative railways to draw off

from their records the age and salary of all engineering college graduates. The subcom-

mittee will compare the results so secured with figures of engineering salaries compiled

by the American Society of Civil Engineers and others.

Five of the seven railways contacted have submitted the desired data, and informa-

tion from the other two will soon be available. A considerable amount of pertinent data

has been furnished the subcommittee by the American Society of Civil Engineers.

Progress only can be reported at this time. A full report will be made next year.

Report on Assignment 5

Develop Means Whereby Facilities of the Universities May Be
Made More Directly Available For Research Work of

the Association and the Railway Industry

By Cooperative Effort Between the Staffs of the Universities and the

Committees of the Association

J. B. Babcock (chairman, subcommittee), Lem Adams, R. P. Davis, R. E. Dougherty,

O. W. Eshbach, B. R. Kulp, C. T. Morris, A. E. Perlman, Barton Wheelwright.

Following its appointment in 1940. the subcommittee sent a questionnaire to 125

institutions giving engineering degrees requesting data as to (1) their facilities for re-

search; (2) the fields in which they are best equipped; (3) the projects under way or

completed recently; (4) the work done in recent years for or of special interest to the

railroads, and (S) whether they would be interested in doing more work along railroad
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lines. The replies indicated that many of the colleges had well-equipped laboratories and

adequate staffs for their regular work, although limited in means for carrying out exten-

sive research without additional funds. Almost invariably they expressed a willingness to

cooperate with the railroads on research projects. Several indicated disappointment with

the lack of interest the railroads had taken in the employment of college trained men
and expressed the hope that a greater measure of cooperation between the railroads and

the universities would improve this situation. Although the replies to the questionnaire

had developed considerable information as to university facilities for research together

with many comments, some rather critical of the railways, the material received was not

complete enough to be used in preparing a comprehensive directory of research facilities

of the universities throughout the country.

For the past three years the universities have been extensively engaged in war

activities; and their facilities have been used for Army and Navy training programs,

war research and allied projects. Information collected under these circumstances would

not represent the normal conditions as to facilities available for research.

The Association of American Railroads, through its Railroad Committee for the

Study of Transportation has been making exhaustive studies of post-war transportation

problems. A subcommittee on Engineering and Mechanical Research presented a report

recommending the establishment of a central research organization within the AAR to

handle fundamental technical problems of common interest under control of a director

of technical research. Recently the Board of Directors of the AAR has created a depart-

ment of research under the direction of Judge Fletcher. The director of technical research

has not as yet been appointed. In view of these developments it seemed best to wait

until the research policy of the AAR has been completely formulated in order that infor-

mation obtained from the colleges might be of the greatest value and to avoid possible

duplication of effort.

For these reasons the subcommittee had not expected to be able to make a final

report at this time. Fortunately, however, the engineering colleges which carry on a

substantial amount of research have recently established an association for more effective

cooperation in research matters. Through this organization it is now possible to secure

complete and authoritative information as to facilities for engineering research in its

member institutions. The information thus made available is convenient in form and is

more complete than the subcommittee could have obtained from the individual colleges.

Engineering College Research Association

The Engineering College Research Association, founded in 1942, has a membership

of 65 institutions. These colleges are spread widely throughout the country being located

in 38 states, thus avoiding undue concentration of research activities. One or more of

them will be found in the vicinity of each large city in the United States. In addition

to the 65 institutions now included in this organization, there are several other univer-

sities in which engineering research is currently carried on.

In 1944, the Engineering College Research Association issued a Directory of Member
Institutions and their Principal Fields of Research. This contains a list of the member
institutions, data concerning their research activities, index of research officers, and index

of fields of research.

The information given for each university includes (a) the title of engineering

research division; (b) the names of director and other research officers, and (c) the

principal fields of research in which the institution is particularly well equipped. In many
of the institutions, particularly the state universities, the research is carried on through

an engineering experiment station. In other institutions it is administered through a
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special division of engineering research which coordinates the research activities of the

different departments.

The ECRA directory furnishes complete information as to the fields of research for

which the individual member institutions are particularly well equipped. This informa-

tion is given in considerable detail. For example one institution lists the following: Civil

Engineering.—Materials testing, photoelastic analysis, sanitation, soil mechanics, struc-

tural analysis; and Mechanical Engineering.—Fuel flow, fuels, heat transfer, internal

combustion engines, lubricants, marine propulsion, mechanical design, refrigeration, steam

power plant, thermodynamics, vibration. In a number of universities particular emphasis

is given to research in fields which are of importance in the territory in which it is

located.

The directory includes an excellent index of "fields of research" which provides a

ready means of finding which institutions are well equipped in any specific field. For

example, under plastics, reference is given to 12 institutions which are equipped for such

research; under electronics, 27 universities are listed.

AREA members who are interested in college research facilities, may obtain a copy

of the directory upon application to Miss Ruth A. White, acting .secretary, ECRA, 167

Engineering Building, Austin 12, Tex.

Research Facilities of the Universities

The value of research has been increasingly recognized during recent years by the

railway industry. At present research is being carried on by individual railroads, by

manufacturers of railway equipment and by the Engineering and Mechanical divisions

of the AAR. Research projects initiated by AREA committees are handled under the

general supervision of the research engineer of the Engineering division, AAR. If a project

involves both track and equipment it is handled jointly by the Engineering and Mechan-

ical divisions.

The actual research may be carried out through cooperative arrangements with the

universities for use of laboratory and other facilities; through the laboratories and test

departments of individual railroads; or throut^h laboratories of manufacturers of railway

equipment. Without doubt each of these methods has its place in railroad research.

As outlined earlier in this report, the subcommittee collected information from the

colleges which indicated their willingness to cooperate with the railroads on research

projects. The subcommittee did not compile an inventory of the laboratory and other

facilities available at the universities due to the war conditions at the colleges and to

the pending developments in the AAR research policy. However, attention has been

called to the recent establishment of the Engineering College Research Association and

to its comprehensive Directory of Member Institutions arrd their Principal Fields of

Research.

The 65 member institutions in that organization, together with several universities

not at present included in its membership, have laboratory and other facilities and a well-

qualified personnel available for research for the railroad industry. While some of the

larger universities are equipped for research in a broad number of fields, others have

specialized in research dealing with specific materials or processes in their own sections

of the country. The universities as a whole are sufficiently widespread to avoid concen-

tration of research activities. Individual railroads often like to develop cooperative rela-

tions with nearby universities and the large number of available institutions makes this

possible.

It is hoped that in the establishment of further research by the AAR and by indi

vidual railroads, full advantage will be taken of the facilities of the universities.
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The subcommittee has made an analysis of the membership of university professors

in the AREA. This information, which was developed in the course of the subcommittee's

studies, is not a part of the assignment and is therefore submitted as an appendix.

Appendix—University Professors in AREA
Since all of the activities of Committee 24 are related to the universities, it seemed

desirable to find out of what extent the engineering colleges throughout the country have

faculty members in the AREA. Accordingly the following analysis has been made to

determine the number of university members in the AREA, their principal fields of

teaching and the location of the universities represented. This study included only col-

leges in the United States.

Fifty university professors are members of the AREA; 42 of them are normally

engaged in teaching or research and 8 have retired. These members may be grouped as

follows: (a) Those engaged primarily in teaching transportation subjects including oper-

ation, construction and maintenance of railways and other forms of transport; (b) those

whose work is almost exclusively in the field of structural engineering, and (c) a general

group which includes administrative officers, those working in special fields such as engi-

neering materials, and a few whose teaching is divided between transportation and other

civil engineering subjects. Of the 42 active members, 14 may be classified in transporta-

tion, 16 in structures and 12 in the general group.

The structural members take an active part in the Association through its com-

mittees and make use of AREA specifications and recommendations in their teaching.

However, their chief interest is in that specific field and the courses dealing with railway

engineering and transportation are taught principally by those in the transportation group.

As indicated above, the number of university professors in this group is small. It is be-

lieved that a serious effort should be made to interest university professors in other

institutions, especially those teaching transportation subjects, and interested in the aims

and activities of the AREA.

These 50 members represent 27 different universities which are located in only 17

states as follows: 3 in New England; 2 in the southeast; 2 each in New York and Penn-

sylvania; 6 in the Ohio, Indiana and Illinois area; 1 each in Maryland, Minnesota and

Wisconsin; 2 in Michigan, and 7 west of the Mississippi river of which 1 is in Missouri

and 2 each are in Iowa, Texas and California. None is located in the northwest and very

few in the south or between the Missouri river and the Pacific coast. It is hoped that the

membership of university professors in the AREA may be increased in order to secure

more direct contacts with a greater number of engineering colleges throughout the country.
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Report on Assignment 6

The Cooperative System of Education for Railway Service

Lcm Adams (chairman, subcommittee), J. B. Babcock, W. C. Barrett, R. E. Dougherty,

O. W. Eshbach, W. B. Irwin, R. B. Kittredge, F. R. Layng, J. M. Symes.

In order to obtain a general viewpoint of the subject, your committee addressed

letters to a selected group of railroad officers representing the most prominent railroads.

Replies have so far been received from 20 railroads. The inquiry dealt with the experi-

ence, if any, with students from cooperative colleges. The replies are somewhat divided.

Of the replies received:

1. Fourteen railroads advised that they have had no experience with the plan;

however, six of these fourteen favor its adoption.

2. Four railroads are now using the plan or have used it in the past and will use

it again after the war.

3. Two railroads have used the plan and have permanently discontinued it.

A number of the replies received from railroad executives discussed at length the

general subject of training of college graduates in railroad work, of which four particu-

larly dealt at considerable length with the matter of using graduates only, as their gen-

eral feeling was that once the men started working on the railroad they should continue

in the service.

This subcommittee also addressed letters to a number of the heads of cooperative

colleges, requesting information relative to the number of students employed on railroads

in the years 1936 to 1940, inclusive. This information will be used as a guide in develop-

ing the degree of interest that students or the railroads have manifested in the plan.

Obviously, the cooperative plan of education, at least insofar as it deals with rail-

roads, is largely at a standstill during the war period; therefore, it is felt that only minor

progress on this study can be made until after the war.

Report on Assignment 7

Investigate Textbooks and Other Material Available For

Instruction in Railway Engineering, and Make
Pertinent Recommendations Thereon

0. W. Eshbach (chairman, subcommittee), Lem Adams, W. C. Barrett, T. A. Blair,

W. B. Irwin, R. B. Kittredge, B. R. Kulp.

Subject 7 represents an added assignment authorized during the late summer at

the committee's request. For this reason the subcommittee was not appointed until

August 11, 1044.

Considerable information is available on past text materials and is being compiled

in the form of a tentative bibliography to be reviewed by the committee when completed.

It is anticipated that an analysis of the subject matter will be necessary as well as a

summary of opinion of the extent and effectiveness of its past use. The bibliography

should be in the hands of the committee for further study early in the coming year.





Report of Committee 11—Records and Accounts

H. L. RESTAr.L, Chairman, H. N. Halper H. D. Baknes, Vice-

Anton Anderson J. H. Hande Chairman,

F. B. Baldwin A. T. Hopkins J. B. Mitchell
S. H. Barnhart C. D. Johnson A. T. Powell
B. a. Bertenshaw W. R. Kettenring C. P. Richardson
W. C. Bolin E. M. Killough J. H. Roach
E. V. Braden C. a. Knowles F. M. Spiegel

F. R. Brunner p. R. Leete R. H. Stenhouse
Spencer Danby W. M. Ludolph D. C. Teal
V. H. Doyle D. O. Lyle H. C. Wertenberger
D. E. Field W. S. McFetridge Lotus Wolf
C. C. Haire O. M. Miles Committee

To the American Railway Engineering Association:

Your committee reports on the following subjects:

1. Revision of Manual.

No report.

2. Bibliography on subjects pertaining to records and accounts.

Progress report, presented as information page 170

3. Office and drafting room practices.

No report.

4. Recommended practice to be followed with respect to maintenance of way

accounts and statistical requirements, collaborating with interested com-

mittees.

No report.

5. Construction reports and records.

No report.

6. Valuation and depreciation.

(a) Resume of developments of the current year in connection with regu-

latory bodies and courts.

Progress report, presented as information page 172

(b) ICC valuation orders, reports and records.

Progress report, presented as information page 177

(c) Development of service lives and rates for depreciation accruals.

Progress report, presented as information page 1 79

7. Report upon changes in, revisions and interpretations of ICC accounting

classifications.

Progress report, presented as information page 180

AREA Bulletin 450, January I'MS.

169
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8. Methods of avoiding duplication of reports and for simplifying and coordi-

nating work under the requirements of the ICC and other public authorities.

Progress report, presented as information page 182

9. Records of property leased and available for lease.

No report.

10. Style to be used in the preparation of reports, .specifications and other

documents.

No report.

The Committee on Records and Accounts,

H. L. Restall, Chairman.

Report on Assignment 2

Bibliography on Subjects Pertaining to Records and Accounts

A. T. Powell (chairman, subcommittee), Anton Anderson, B. A. Bertenshaw, E. V. Braden,

F. R. Brunner, H. N. Halper, A. T. Hopkins, W. M. Ludolph, C. P. Richardson,

R. H. Stenhouse.

This report is submitted as information.

The committee presents the following bibliography of subjects pertaining to railroad

records and accounts for the period November 1, 1943 to November 1, 1944.

Books

1. Railway Accounting Rules. Mandatory and recommendatory accounting rules and

forms and rules of order effective October 1, 1944, except as otherwise indicated, by the

accounting division, AAR, Washington, 6, D.C. Published by the division, 307pp. Price

to non-members of the AAR. $1.50; to members 75 cents.

2. Report of Committee on Depreciation (1944)—National Association of Railroad

and Utilities Commissioners, 7413 New Post Office Building, Washington, D.C. Printed.

50pp. Paper cover. Price $1.50. Supplementing and clarifying its 1943 report, the 1944

report is devoted largely to a clarification of its position regarding certain major issues,

which, as matters have developed appear to have been particularly productive of mis-

understanding.

Pamphlets

1. Railroad Construction Guide Prices. Compiled by the engineering section of the

Bureau of Valuation, ICC, Washington, D.C, 57 mimeographed pp., January 1, 1944.

Includes map of the eight regions into which the country has been divided for statistical

purposes.

2. Railroad Construction Indices. Compiled by the engineering section of the Bureau

of Valuation, ICC, Washington, D.C, 11 mimeographed pp., August 1, 1944. Includes

map showing division of the country into regional groups for which indices have been

established.
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Articles

1. Significance of Income Tax Depreciation. By C. Tatham, Jr. Public Utilities,

32:743-9, December 9, 1943.

2. Effect of Hope Natural Gas Case on The Future of Rale Regulation. By G.

Hankin. Public Utilities, 33:135-8, February 3, 1944.

3. Relation of War Taxes to Utility Rate Making. By J. Bauer. Public Utilities,

33:211-20, February 17, 1944.

4. Supreme Court Earnings Theory of \'aluation. By O. Ely. Public Utilities,

33:102-4, January 20, 1944.

5. Supreme Court Discards Value Basis for Utility Rates. By H. M. Olmstead.

American City, 69:64, February 1944.

6. Problem of Depreciation Must Be Surveyed Now. By A. C. Kiechlin. Inland

Printer, 112:37-9, March 1944.

7. Fundamental Aspects of the Depreciation Problem—A Symposium. American

Society of Civil Engineers Transactions 108, 1943:1235-1342.

8. Principles of Depreciation. Report of the special committee authorized by the

Board of Direction to analyze and discuss the 1943 report of the National Association of

Railroad and Utilities Commissioner's Committee on Depreciation. American Society of

Civil Engineers Proceedings. June 1944, 887-901; September 1944, 1155-1194; October

1944, 1329-1335; November 1944, 1493-1497; Final report, November 1944, 1419-1474.

9. Public Utility Depreciation. Summary of more important conclusions and recom-

mendations contained in the 1943 report of the National Association of Railroad and

Utilities Commissioner's Committee on Depreciation. Journal of Accountancy, 76:533-6,

December 1Q43.

10. Public Utility Depreciation. Comment by Committee of Accounting Procedure.

American Institute of Accountants on 1943 report of the National Association of Rail-

road and Utilities Commissioner's Committee on Depreciation. Journal of Accountancy,

77:254-8, March 1944.

11. The Effect of Arbitrary Property "Writedowns". By Samuel Ferguson. Public

Utilities, 33:333-44, March 16, 1944.

12. Edison Institute Conclusions on Depreciation Report. By Owen Ely. Public

Utilities, 33:438-40, March 30, 1944.

13. Depreciation in Relation to Prudent Investment. By John Bauer. Public Util-

ities, 33:540-53, April 27, 1944.

14. A Suggested Solution of the Depreciation Problem. By C. E. Packman. Public

Utilities, 33:737-53, June 8, 1944.

15. Fallacies of Original Cost Theory. By Joe Bond. Public Utilities, 33:795-809,

June 22, 1944.

16. Depreciation—Will NARUC Reconsider. By Owen Ely. Public Utilities, 34:38-39,

July 6, 1944.

17. Factual Basis for Utility Depreciation Accounting. By Luther R. Nash. Public

Utilities, 34:146-157, August 3, 1944.

18. Income Return from Depreciation Reserves. By Owen Ely. Public Utilities,

34:237-238, August 17, 1944.

19. Rate Cut Based on Income from Depreciation Reserves. By Owen Ely. Public

Utilities, 34:363-365, September 14, 1944.
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Report on Assignment 6(a)

Resume of Developments o£ the Current Year in Connection With
Regulatory Bodies and the Courts

F. B. Baldwin (chairman, subcommittee), H. D. Barnes, S. H. Barnhart, B. A. Berten-
shaw, W. C. Bolin, V. H. Doyle, D. E. Field, C. C. Haire, H. N. Halper, A. T.
Hopkins, W. R. Kettcnring, C. A. Knowles, P. R. Lectc, D. O. Lyle, O. M. Miles,

H. L. Restall, J. H. Roach, R. H. Stcnhousc.

The work incident to the inauguration of depreciation accounting on roadway

property beginning January 1, 1943, in response to an Interstate Commerce Commission

order and voluntary changeover by many carriers from retirement accounting to depre-

ciation accounting in computing losses on retired property for income tax purposes placed

many additional requirements on railroad valuation forces in preparing and checking

depreciable property forms and schedules and determining acceptable rates of depreciation.

The ICC appropriation for the fiscal year beginning July 1, 1944, includes $500,000

for its Bureau of Valuation, a reduction of $100,000 from the $600,000 for the previous

year. On October 1, 1944, the total force of the Bureau numbered 121 employees, or

approximately 40 less than last year. The reduced appropriation made this reduction in

force necessary, and the Bureau of Valuation has rearranged its remaining forces and

assignments and curtailed work on all but the most essential activities consistent with

duties specifically required of it by law.

During the year 1943, Class I railroads charged to Account 459, "Valuation Expenses,"

an amount of $642,585, contrasted with $639,201 for the year 1942.

The director of the Bureau of Valuation has fixed December 31 of each calendar

year as the date for the filing of returns on BV Form 588 for the previous year. These

returns on BV Form 588 contain the details of property changes required by the Bureau

of Valuation to bring previous engineering inventories forward to new valuation dates.

The Land and Accounting sections of the Bureau also utihze them to bring to date their

land reports and statements of original costs, respectively. As of October 1, 1944, all

Class I carriers (142) had filed 588 returns through the year 1937; 99 percent through

the years 1938-1939-1940; 97 percent through the year 1941; 84 percent through the

year 1942 and 2 percent through the year 1943; in the aggregate all carriers were approxi-

mately 96 percent* current. The Accounting Section of the Bureau is now 89 percent

current in its field check of these returns.

The Engineering Section of the Bureau of Valuation, having completed revised in-

ventories for all carriers through 1927, is engaged in bringing its inventories forward to

later dates, and as of October 1, 1944, was approximately 63 percent* current. The work
of the Accounting Section in bringing to date summaries of original cost other than land

is 50 percent* current, and its statement of original cost of land is 51 percent* current.

The Land Section in its work of revising land valuation to current dates has completed

74 percent* of its work.

No tentative valuations as of current dates were completed and served on railroad

companies, but, at the request of the Commission, the Bureau brought to date the under-

lying valuation estimates of carriers involved in reorganization proceedings and other

cases. Opportunity is afforded the carrier to check these estimates of original cost, the

cost of reproduction new. the cost of reproduction less depreciation, and land values,

but in only a few instances have the carriers made a check of the Bureau's findings.

'Based on 6,750,000 mile- years from basic valuation dates through 1943.
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Attention is again called to the fact that the continued publication by the Commis-
sion of recommended values in rate cases, as well as their underlying elements of value,

without giving carriers due notice and time in which to review same, has caused some

apprehension as to the propriety of its procedure. While it is true that in some cases

stipulations or reservations have been entered reserving the further right to question

the figures, nevertheless such findings should be regarded as preliminary in nature and

not the findings required by the Valuation Act after due process. There are many omis-

sions and errors, as well as objections as to the methods and principles employed, and

for these reasons care should be exercised in the use of figures for individual roads.

Court Decisions

Since the last report of the Committee was written, the Supreme Court of the United

States handed down its decision in the case of the Federal Power Commission et al. v.

Hope Natural Gas Company. (Decided January 3, 1944.) The Federal Power Commis-

sion's Order reducing wholesale rates for natural gas in West Virginia was reversed by

the Circuit Court of Appeals on the ground that a fair value on which to base the rates

had not been found. The Supreme Court decided to reverse the Circuit Court's reversal

and affirm the Commission's finding. In view of the importance of this case in rate-

making procedure, an abstract is presented for the record.

This case arose from an order of the Federal Power Commission requiring the Com-
pany to decrease its rates to local consumers in West Virginia and to five customer

companies in Ohio and Pennsylvania. The Commission estimated a rate base of some

$33,712,526, which it found represented the "actual legitimate cost" less depletion and

depreciation and plus unoperated acreage, working capital, and future net capital addi-

tions. The Company introduced evidence from which it estimated reproduction costs of

the property at $97,000,000. It also presented a so-called trended original cost estimate

which exceeded $105,000,000. The Company estimated by the percent condition method

accrued depreciation of about 35 percent of reproduction cost new. From that the Com-
pany contended for a rate base of $66,000,000. The Commission refused to place any

leliance on reproduction cost new, saying it was not predicated upon facts and was too

conjectural and illusory to be given any weight. It likewise refused to consider trended

original cost. The Commission in determining depletion and depreciation followed the

method outlined in Lindheimer and the Natural Gas Pipeline Case, basing its computa-

tions on "actual legitimate cost". The Company's estimate of original cost was about

$17,000,000 in excess of the amount found by the Commission, the difference being caused

largely by expenditures made in previous years and which were charged to operating

expenses. The Commission refused to include this amount in the rate base. The Company
also contended for a rate of return of not less than 8 percent, but the Commission

refused to allow more than 6J^ percent as a fair rate of return. This apphed to the rate

base fixed of $33,712,526, would produce $2,191,314 as contrasted with the present income

of some $5,801,171.

The lower court set aside the order of the Commission on the grounds that the rate

base should reflect the present fair value of the property and that in determining values,

the Commission should have considered reproduction costs and trended original costs

and that the actual legitimate cost (prudent investment) was not the proper rate base

where price levels had changed since the investment.

The lower court also held that the expenditure of $17,000,000 charged to operating

expenses should have been included in the rate base and that the depletion and deprecia-

tion, together with the annual depreciation allowance should be computed on the present

fair value of the property and not on the basis of "actual legitimate cost".
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The Supreme Court decision sums up the language of the Natural Gas Act in which

it is provided that the natural gas rates subject to the jurisdiction of the Commission

"shall be just and reasonable and any rate or charge that is not just and reasonable is

hereby declared to be invalid". In any review of these rate orders, the statute declares

that the "findings of the Commission as to the facts, if supported by substantial evidence,

shall be conclusive". The decision points out that the statute is silent as to any formula

by which the "just and reasonable" rate is determined.

The decision states:

(1) Rate making is indeed but one species of price fixing. Munn v. Illinois,

94 U.S. 113, 134. The fixing of prices, like other applications of the police power,

may reduce the value of the property which is being regulated. But the fact that

the value is reduced does not mean that the regulation is invalid. Block v. Hirsch,

256 U.S. 135, 155-157; Nehbia v. New York, 291 U.S. 502, 523-539 and cases

cited. It does, however, indicate that "fair value" is the end product of the process

of rate making, not the starting point as the Circuit Court of Appeals held. The

heart of the matter is that rates cannot be made to depend upon "fair value"

when the value of the going enterprise depends on earnings under whatever rates

may be anticipated.^

The decision following the reasoning in the Natural Gas Pipeline Case, held that

the Commission was not bound to use either reproduction cost nor prudent investment

nor any combination of formulas in the determination of a rate base and states:

(2) We held in Federal Power Commission v. Natural Gas Pipeline Co.,

supra, that the Commission was not bound to the use of any single formula or

combination of formulas in determining rates. Its rate making function, more-

over, involves the making of "pragmatic adjustments." Id., p. 586. And when the

Commission's order is challenged in the courts, the question is whether that order

"viewed in its entirety" meets the requirements of the Act. Id., p. 586. Under the

statutory standard of "just and reasonable" it is the result reached, not the

method employed, which is controlling. Cf. Los Angeles Gas & Electric Corp. v.

Railroad Commission, (No. 1), 294 U.S. 63, 70; West v. Chesapeake. & Potomac
Tel. Co., 295 U.S. 662, 692-693 (dissenting opinion). It is not theory but the im-

pact of the rate order which counts. If the total effect of the rate order cannot

be said to be unjust and unreasonable, judicial inquiry under the Act is at an end.

The fact that the method employed to reach that result may contain infirmities

is not then important. Moreover, the Commission's order does not become suspect

by reason of the fact that it is challenged. It is the product of expert judgment
which carries a presumption of validity. And he who would upset the rate order

under the Act carries the heavy burden of making a convincing showing that it

is invalid because it is unjust and unreasonable in its consequences. Cf. Railroad

Commission v. Cumberland Tel. & Tel. Co., 212 U.S. 414; Lindheimer v. Illinois

Tel. Co., supra, pp. 164, 169; Railroad Commission v. Pacific Gas & E. Co., 302

U.S. 388, 401.

1 We recently stated that the meaning of the word "value" is to be gathered "from the
purpose for which a valuation is being made. Thus the question in a valuation for rate making
is how much a utility will be allowed to earn. The basic question in a valuation for reorganiza-
tion purposes is how much the enterprise in all probability can earn." Institutional Investors v.
Chicago, M., St. P. & P. R. Co., 318 U. S. 523, 540.
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The decision after outlining the financial history of the Company, pointed out that

the Company was in sound financial condition and had a long history of good earnings

and stated that:

We cannot say that the annual return of $2,191,314 is not "just and reasonable"

within the meaning of the act.

As to the selection of a proper base on which to estimate the annual depreciation

allowance, the court held that it should be based on "cost" stating:

Moreover, this Court recognized in Lindheimer v. Illinois Bell Tel. Co., supra,

the propriety of basing annual depreciation on cost.^ By such a procedure the

utility is made whole and the integrity of its investment maintained.^ No more is

required.* We cannot approve the contrary holding of United Railways v. West,

280 U.S. 234, 253-254. Since there are no constitutional requirements more exact-

ing than the standards of the Act, a rate order which conforms to the latter does

not run afoul of the former.

As these findings disposed of the issues in the case, the court did not pass upon the

propriety of the Commission's failure to include in its estimate of prudent investment

the $17,000,000 charged to operating expenses. Mr. Justice Black and Mr. Justice Murphy,

while agreeing with the court's opinion, filed a separate dissenting opinion on account of

what is stated to be a wholly gratuitous assertion as to Constitutional law in the dissent

of Mr. Justice Frankfurter. Justices Reed, Frankfurter and Jackson filed dissenting

opinions. Justice Roberts did not participate in the decision.

2 Chief Justice Hughes said in that case (292 U. S. pp. 168-169): "If the predictions of service

life were entirely accurate and retirements were made when and as these predictions were precisely

fulfilled the depreciation reserve would represent the consumption of capital, on a cost basis, according

to the method which spreads that loss over the respective service periods. But if the amounts charged
to operating expenses and credited to the account for depreciation reserve are excessive, to that extent
subscribers for the telephone service are required to provide, in effect, capital contributions, not to

make good losses incurred by the utility in the service rendered and thus to keep its investment unim-
paired, but to secure additional plant and equipment upon which the utility expects a return."

3 See Mr. Justice Brandeis (dissenting) in United Railways v. West, 280 U. S. 234, 259-288, for

an extended analysis of the problem.
•* It should be noted that the Act provides no specific rule governing depletion and depreciation.

Sec. 9 (a) merely states that the Commission "may from time to time ascertain and determine, and
by order fix, the proper and adequate rates of depreciation and amortization of the several classes of
property of each natural-gas company used or useful in the production, transportation, or sale of
natural gas".
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Report on Assignment 6(b)

ICC Valuation Orders, Reports and Records

F. B. Baldwin (chairman, subcommittee), H. D. Barnes, S. H. Barnhart, B. A. Berten-

shaw, W. C. BoUn, V. H. Doyle, D. E. Field, C. C. Haire, H. N. Halper, A. T.

Hopkins, W. R. Kettenring, C. A. Knowles, P. R. Leete, D. O. Lyle, O. M. Miles,

H. L. Restall, J. H. Roach, R. H. Stenhouse.

Summary of B.V. No. 588-R

In the report of Committee 11—Records and Accounts, Proceedings, Vol. 36, 1935,

there was presented a copy of a report prepared by the Committee on Valuation

Accounting of the Railway Accounting Officers Association, relative to the preparation

of returns to Valuation Order No. 3, as adopted by that association in its convention at

White Sulphur Springs, W. Va., on June 27-28-29, 1934. On pages 426-432, inclusive,

Vol. 36, there was presented a standard form of summary for B.V. 588 returns, which

had the approval of the Bureau of Valuation of the Interstate Commerce Commission.

In May 1936 Ernest I. Levids, director of the Bureau of Valuation, called the carriers'

attention to this form of summary of B.V. 588-R returns, as given in the report of the

RAOA Committee on Valuation Accounting, and requested that carriers adopt that form

for filing summaries of B.V. 588-R on future reporting.

On April 13, 1944 Mr. Robert A. Lacey, director of the Bureau of Valuation, ICC,

sent the following form letter to carriers:

Intfrstate Commkrce Commission

Bureau of Valuation

Washington

April 13, 1944

Dear Sir:

There is attached hereto a new form of summary covering reports on B.V.

Forms 588 which I am circulating to all railroads and pipe lines. This form will

very greatly facilitate our work in bringing original cost to date and will make
the data more useful to the .states and the general public and will, we believe, be

beneficial to the carriers.

Your cooperation in preparing future summaries on this form will be very

much appreciated.

Very truly yours,

(Sgd) Robert A. Lacey,

Direclor.

It will be noted that the principal difference between this new form and the one

recommended in 1936 lies in the segregation of the retirements between retirements of

property installed subsequent to valuation date, and retirements of property included in

the basic inventory. A further difference is indicated by the grouping of the primary

accounts and the segregation of Account 2J-^—Other Right-of-Way Expenditures, and

Account 39—Public Improvements-Construction, between the portions of those accounts

which apply to "Rights" and "Assessments" and the portions which apply to "Other than

Rights and Assessments". The portions of these accounts applicable to Rights and Assess-

ments are grouped on the summary with Account 2—Land for Transportation Purposes.

The form indicates that the classification of property required on the 1036 form

should be continued on this new form.
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Certification of Completion Reports and Maps
The original valuation orders of the ICC required that maps prepared under its

orders for filing with the Commission should be certified as to correctness, under oath

before a notary public, by the railroad official under whose direction the maps were

prepared. The orders also required that the completion reports covering changes in the

road and equipment property subsequent to basic date of valuation should be certified

similarly by the railroad officer under whose direction the work was done.

The following order, dated September 26, 1944, has been issued relieving the carriers

from the oath requirement on completion reports and on maps prepared under the orders

of the Commission:

ORDER

At a Session of the Interstate Commerce Commission, Division 2, held at its office in

Washington, D. C, on the 26th day of September, A.D. 1944.

The matter of the certification and attestation under oath of report and returns

required under valuation orders of the Commission being under consideration,

And it appearing, That the elimination of the oath requirement is appropriate in

certain instances;

It is ordered, That:

Title 49

—

Transportation and Railroads

Chapter I

—

Interstate Commerce Commission

Subchapter A

—

General Rules anvi Regulations

Part 152

—

Map Specipications

Part 155

—

Uniform System of Records and Reports of Property

Changes: Common Carriers

Part 158

—

Specifications For Pipe Line Carriers

Authority: Issued under 37 Stat. 701, 41 Stat. 493, 42 Stat. 624, 48 Stat. 221; 49

U.S.C. 19a.

Section 10 of Specifications for Maps, Second Issue, prescribed by order of the

Commission of November 25, 1932, (§152.10), and paragraph 9, Section A, Valuation

Order No. 26—Revised, of December 31, 1934, (§158.3 (g), are amended to read:

Certification. Certification as to the correctness of all maps shall be executed
and shall accompany such maps when submitted to the Commission.

Valuation Order No. 3—Second Revised Issue, of March 31, 1919, is amended to

eliminate the first stentence of paragraph (13), (§155.13) thereof. Accordingly, the oath

requirement on forms C (§155.303), C-1 (§155.304), and D (§155.305) is eliminated.

By the Commission, division 2.

W. P. Bartel,

Secretary.

(Seal)
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Report on Assignment 6(c)

Development of Service Lives and Rates For

Depreciation Accruals

F. B. Baldwin (chairman, subcommittee), H. D. Barnes, S. H. Barnliart, B. A. Berten-
shaw, W. C. BoUn, V. H. Doyle, D. E. Field, C. C. Haire, H. N. Halper, A. T.
Hopkins, W. R. Kettenring, C. A. Knowles, P. R. Leete, D. O. Lyle, O. M. Miles,

H. L. Restall, J. H. Roach, R. H. Stenhouse.

The assignment of the subcommittee has been changed from "Valuation" to "Valua-

tion and Depreciation'" owing to the growing interest and importance of the subject of

depreciation. In its report last year the subcommittee called attenlion to the activity of

the accounting and valuation forces of the railroads in connection with an order of the

ICC requiring depreciation accounting for certain classes of propert>- by steam railroads

and the simultaneous negotiations with the Bureau of Internal Revenue to change to

the depreciation basis for tax purposes.

The two fundamentals of depreciation accounting are (a) the depreciation base and

(b) the annual accrual of depreciation. The depreciation base under present regulations

is to be original cost of the property, actual or estimated. Methods of determining the

original cost depend upon the existence or non-existence of cost records in sufficient

detail. The determination of the proper annual accruals of depreciation, once the depre-

ciation base is established, involves the age of the property and the service life expect-

ancy with respect to each class of property, both of which have influence on the rates

to be fixed for the future accruals.

The theories of depreciation accounting, the relationship between age and accrued

depreciation, the determination of hfe expectancy, and the proper method or formula

for fixing the annual amounts of accruals throughout the service life of property have

been the subjects of many volumes on the shelves of libraries. The subcommittee does

not undertake to recommend any particular authority or writer on the subject, and will

only observe that apparently the theories or practices presented by some writers indicate

points of view which may have been influenced by their vocation. As information on the

subject the reader is referred to the reports of the subcommittee on Assignment 2.

As pointed out in the last report of the subcommittee, depreciation rates as fur-

nished by the Bureau of Valuation could be adopted by the carrier for depreciation

accounting. These rates were slightly different than those secured under requirement of

the Bureau of Internal Revenue. The rates established by the Bureau of Valuation were

regarded as tentative subject to adjustment after further collection and study of experi-

ence data. A great many of additional data have been collected and it is expected that

in due time adjustment in some of the rates will be recommended.

The trend of depreciation practices is being given consideration by the General

Committee, Accounting Division AAR and a special committee consisting of four account-

ing officers and four valuation officers, has been appointed to consider the subject. Future

studies will indicate the trend of events.

Under the general subject of Depreciation the subcommittee has made some investi-

gations and study of standard forms that may be desirable for recording changes in the

depreciation base, depreciation reserves and depreciation rates. These studies are not

complete and no report is submitted at this time.
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Report on Assignment 7

Report Upon Changes in, Revisions, and Interpretations of

ICC Accounting Classifications

H. D. Barnes (chairman, subcommittee), F. B. Baldwin, S. H. Barnhart, W. C. Bolin,

Spencer Danby, C. C. Haire, J. H. Hande, W. R. Kettenring, C. A. Knowles, P. R.

Leete, W. M. Ludolph, W. S. McFetridge, O. M. Miles, J. B. Mitchell, H. L. Restall,

C. P. Richardson, J. H. Roach.

This report is submitted as information with the recommendation that the subject

be continued.

Your committee has not been called upon to review any of the numerous proposed

accounting orders and rulings of the Bureau of Accounts, Interstate Commerce Commis-

sion, by Mr. E. H. Bunnell, vice-president, Association of American Railroads, during

the past year. -

The ICC has issued the following orders of interest to engineers since this committee's

last report (Proceedings, Vol. 45, 1944, pages 222 and 223)

:

Order dated January 8, 1944, effective February IS, 1944, providing new balance sheet

account, 779, for depreciation accruals on leased property or improvements on leased

property.

Order dated July S, 1944, effective September 1, 1944, modifying operating expenses and

general balance sheet accounts to provide for the retirement of road and equipment

subject to amortization under Section 124 of the Internal Revenue Code.

Order dated July 11, 1944, postponing until January 1, 1946, the effective date of depre-

ciation orders dated June 8, 1942, for Class II and Class III steam roads.

Order dated August 11, 1944, effective January 1, 1945, requiring railroads to set up in

the accrued depreciation accounts the estimated unrecorded depreciation to the date

of acquisition of depreciable property (included in account 701, Road and Equip-

ment Property) acquired since January 1, 1938, as an operating entity or system by

purchase, merger, consolidation, reorganization, receivership, sale or transfer, or

otherwise.

Order dated August 21, 1944, effective January 1, 1945, changing the form of the balance

sheet to show the amounts in the accrued depreciation reserves (except as to leased

property) and amortization reserves as deductions from the road and equipment

accounts, and establishes a new subtotal captioned "Investment in transportation

property less recorded depreciation and amortization."

Order dated September 21, 1944, waives the requirement for filing of consolidated sta-

tistical statements for the year ended December 31, 1943, by each Class I steam

railway having annual operating revenues of 10 milUon dollars or more.

Order dated September 26, 1944, modifying Valuation Orders 1 and 3 so as to ehminate

the oath requirements on maps filed with the Commission and on Roadway and

Equipment Completion Reports. Maps filed with the Commission in the future

under Valuation Order No. 1 must, however, be certified as to their correctness.

Order dated October 6, 1944, effective January 1, 1945, modifying the Uniform System

of Accounts by adding the following road and equipment accounts to the list of

depreciable accounts in the Special Instructions for Operating Expenses: 1, Engineer-
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ing (pertaining to depreciable property), 2^, Other Right-of-Way Expenditures,

3, Grading (depreciable property only) and 39, Public Improvements—Construction.

The instructions for Investment in Road and Equipment are also revised to provide

for charging the service loss in connection with the retirement of non-depreciable

property in the depreciable accounts to Operating Expenses.

On February IS, 1944, the Interstate Commerce Commission approved by formal action

a list of units of so-called continuous structures submitted to it by the Accounting

Contact Committee of the Association of American Railroads. This list was sent to

chief accounting officers by the Association of American Railroads.

In addition to these orders the Bureau of Accounts has released the following new

and revised rulings;

Effective April 1, 1944

Case A-3-Revised—Revised in terminology.

Case A-26-Revised—Revised in terminology.

Case A-49-Revised—Re\dsed in terminology.

Case A-60—Revised in terminology.

Case A-80—Revised in terminology.

Case A-94-Revised—Revised in terminology.

Case A-1OS-Revised—Revised in terminology.

Case A-108-Revised—Revised in terminology.

Case A-109-Revised—Revised in terminology.

Case A-110-Revised—Revised in terminology.

Case A-113-Canceled—Reason for cancellation ehminated.

Case A-lS7-Revised—Revised in terminology.

Case A-163-Revised—Revised in terminology.

Case A-166-Revised^—Revised in terminology.

Effective August 1, 1944

Case A-17S—Specifies accounting by lessee for current settlements of depreciation

accruals.

Issued September 1, 1944

Case A-109—Canceled.
Case A-1 10—Canceled.

Case A-166—Canceled.

Issued September 8, 1944

Case A-SO—Revised in terminology.

Case A-57—Revised in terminology.

Case A-1S9—Revised in terminology.

Case A-1 64—Revised in terminology.

Case A-108—Revised to conform to i)rovi.sions ol order dated January 8, 1944, with

respect to depreciation on improvements to leased equipment.

The Bureau of Accounts has also released the following revisions of rulings contained

in Accounting Bulletin No. IS:

Issued September 6, 1944

Case 59—Revised in terminology.

Case 102—Revised in terminology.

Case 103—Revised in terminology.
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On September 29, 1944, Vice-President Bunnell sent chief accounting officers and

officers in charge of valuation copy of memorandum dated August 12 from the

director of the Commission's Bureau of Accounts to the director of the Bureau of

Valuation and copy of memorandum dated September 12 from the head auditor

property changes, Bureau of Valuation, to field examiners interpreting the language

in paragraph (b) section 2 of the general instructions for road and equipment

accounts, relating to joint projects.

While, as in the last few years, there have been many changes in the accounting

classifications during the past year there are many other changes pending, some of which

are being held in abeyance for the duration of the war. These proposals have not been

referred to your committee for review, but it is known that some of them are of con-

siderable interest to engineers. One is the proposal to inaugurate amortization accounting

for the track accounts. The committee, realizing the importance of these matters, has

devoted considerable time to the discussion and study of them in order that its members

may be fully informed.

Report on Assignment 8

Methods for Avoiding Duplication of Reports and for Simplifying

and Coordinating Work Under the Requirements of the

ICC and Other Public Authorities

C. A. Knowles (chairman, subcommittee), Anton Anderson, W. C. Bolin, F. R. Brunner,
Spencer Danby, J. H. Hande, C. D. Johnson, W. M. Ludolph, D. O. Lyle, W. S.

McFetridge, A. T. Powell, F. M. Spiegel, H. C. Wertenberger, Louis Wolf.

In the report of last year reference was made to the joint committee organized by

the Association of American Railroads to review reports and statistics maintained for

managerial purposes and to explore the possibilities for reduction in such reports. The

AREA is represented on the joint committee by a member of Committee 11—Records

and Accounts.

The joint committee has now prepared a report which is captioned Report of Asso-

ciation of American Railroads' Committee Appointed for the Purpose of Reviewing

Possibilities of Time-Saving Through Reduction of Statistical Statements.

Pursuant with arrangements effected with the Association of American Railroads,

this report will be published in the AREA Bulletin for June-July 1945.
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Committee

To the American Railway Engineering Association:

Your committee reports on the following subjects:

1. Revision of Manual.

Revision of Specifications for Wood Piles, presented for adoption and pub-

lication in the Manual page 185

2. Simplification of grading rules and classification of timber for railway uses,

collaborating with other organizations interested.

No report.

3. Overhead wood or combination wood and metal highway bridges, collaborat-

ing with Committee IS—Iron and Steel Structures; and conferring with

proper committee of the American Association of State Highway Officials.

No report.

4. Specifications for design of wood bridges and trestles.

No report.

5. Improved design of timber trestles.

No report.

6. Specifications and design of fastenings for timber trestles, including metal

joint connectors.

No report.

7. Means of conserving labor and materials, including the adaptation of substi-

tute non-critical materials, and specifications for the reclamation of released

materials, tools and equipment, collaborating with Committee 3A—General

Reclamation of the Purchases and Stores Division, AAR.

Progress report, presented as information page 185

The Committee on Wood Bridges and Trestles,

R. P. Hart, Chairman.

AREA Bulletin 450, January 194S.
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Foreword

Your committee is fortunate in having included in its membership engineers who

devote their entire time to the study of wood and wood products at the U. S. Forest

Products Laboratory and to the technical service of our great lumber industries and

their related associations. Through these members and the facilities and data at their

command the committee has progressed the technical study of structural timbers and

yard lumber for railway uses to its present status.

It was to be expected that the Laboratory and the technical services of the industries

would be called upon for special studies of wood under war time demands and the

necessity for these studies has prevented normal progress in the investigation of struc-

tural timbers required for railway bridges, buildings and other structures of a more

permanent character.

The unprecedented requirements for lumber and timbers of all kinds in connection

with the war effort have necessitated the greatest practicable conservation of available

supplies and prompted the suggestion that higher working stresses should be permitted

in railroad bridge timbers as well as in buildings, as required under W.P.B. Directive

No. 29. Your committee does not feel justified in recommending higher working stresses

in railroad bridge timbers pending a further study of all factors involved in collaboration

with the U. S. Forest Products Laboratory.

The reluctance of railroad engineers to increase working stresses in structural timbers

can be better understood after considering the large quantities of such material in service

in the timber trestle railway bridges in the country. A member of your committee, Mr.

L. P. Keith, representing the National Lumber Manufacturers Association, recently cir-

culated a questionnaire to determine the amount of railway timber trestle construction

in service at this time. Response to this questionnaire from 26 railroads having a total

mileage of 164,477 shows the following:

Track Feet

Untreated timber trestles 1,725,721

Treated timber open deck trestles 2,1 18,902

Treated timber ballasted deck trestles 1,533,546

Total 5,378,169

The difficulties and confusion that would result from using lower quahty or smaller

size timbers in the maintenance of such a quantity of structures can well be understood.

A recent development of interest to users of heavy timbers is the glued, laminated

timber, composed of one-inch or thicker plank put together with phenolic resin glue.

Upon invitation of Speedwall Division of Timber Structures, Inc., Seattle, Wash., your

committee recently had the opportunity through one of its members, Mr. C. J. Hogue,

to observe tests made upon such timbers and his report on his observations appears as

an appendix to your committee's report, with acknowledgment to Timber Structures, Inc.
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Report on Assignment 1

Revision of Manual

W. A. Oliver (chairman, subcommittee), H. Austill, H. M. Church, S. F. Grcar, G. V.

Guerin, Jr., C. J. Hoguc, W. D. Keency, L. J. Markwardt, William Walkden.

Your committee recommends adoption and publication in the Manual of the follow-

ing revisions in Specifications for Wood Piles, pages 7-1 to 7-4 in the Manual:

Par. 101 (a), line 2—Add the word "Western" immediately preceding the word

"larch".

Par. 201—Revise note at the end of the paragraph

—

Present—"Note—See Maximum Defects and Blemishes, Section III of Grading

Rules and Classification of Timber and Lumber for Railway Uses".

Proposed—"Note^—See Definitions of Terms Used in Describing Standard Grades

for Lumber".

Par. 301—Revise caption for tables of First Class Piles,

First table-

Present—"Southern Pine and Douglas Fir".

Proposed—"Southern Pine, Douglas Fir, Tamarack and Western Larch".

Second table

—

Present—"Oak, Cypress and Chestnut".

Proposed—"Oak, Cypress, Chestnut, Norway Pine and Spruce".

Third table

—

Present—"Cedar".

Proposed—"Cedar and Lodgcpole Pine".

Report on Assignment 7

Means of Conserving Labor and Materials, Including the

Adaptation of Substitute Non-Critical Materials

G. S. Crites (chairman, subcommittee), L. B. Craig, J. F. Dobson, J. P. Dunnagan,
G. A. Haskins, H. T. Livingston, W. L. Peoples, E. R. Shultz.

Your committee offers the following progess report as information:

Supervision

Supervision expends Ijoth labor and materials and it must endeavor by all means

possible to increase the output of each man by instruction, simplified application, reduced

lost motion, machine aid or other means that prove effective.

Detention

Detention is brought about by poor planning with respect to materials, labor, tools,

transportation, and in some localities, the housing of men. A careful study and analysis

of the detention from traveling or other causes should be made and reasonable means

adopted to effect every possible reduction in lost time. The use of highway trucks for

transporting both labor and material to jobs conserves labor in most locations.
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Bridge and trestle work must be planned with a view of causing no clela\s to im-

portant rail traffic, but with the least possible detention of labor. This is accomplished

by cooperation and coordination with responsible transportation officers. No two loca-

tions, nor two jobs, will present exactly the same problems, so no set rules can govern

this feature of planning.

When materials were scarcer and labor more plentiful than now, tlic problem was

to dispatch the material, but now in many locations the material that is available exceeds

the minimum necessary labor to apply it. Therefore, the problem is the dispatchmcnt of

labor rather than of material.

Inspection

In order that the available labor may be applied where needed and when needed,

inspection of wood bridges and trestles must be followed vigorously by competent in-

spectors, and where critical situations arise involving much material and labor, competent

engineering aid must be called upon for the proper adaptation of substitute and non-

critical materials if possible, and if critical materials are involved, a case for their use

must be established beyond any doubt. By proper and close inspection and with correct

engineering study, the right material and labor can be gotten to the right place at the

right time. This cannot be arranged for unless it is definitely known what is needed in

respect to both labor and material.

Specifications for the Reclamation of Released Materials

From the inception of wood bridges and trestles each group of structures has called

for reclamation of released materials from one structure to be used in the repair or

renewal of other structures. No definite specifications can be made that will cover what

material will be reclaimed at one point or thrown away at another. In general, all released

materials that are sound, will be reclaimed and used.

Appendix A

Tests on Creosoted Glued Laminated Stringers

By C. J. HoGUE*

Eighteen glued laminated stringers were recently made (latter part of 1944) by

Timber Structures, Inc., at the company's Seattle plant, and tested at the University of

Washington. The purpose of the project was to study the effect of creosote and incising

on glued laminated stringers. The glue used was a phenolic resin glue accredited for use

under conditions of exposure to weather and water. The laminations were at 12 to IS

percent moisture content at the time of gluing. AREA Committee 7 was invited to observe

the project, and Mr. R. P. Hart, chairman, delegated the writer to represent the

committee.

The 18 beams consisted of 6 sets of 3 beams each. Of the 6 sets, 3 sets were of

nominal 1-in. laminations dressed to -K in. and were 7J/^ in. by 18 in. in size, and 3 sets

were of nominal 2-in. laminations dressed to 15^ in. and were 7^ in. by 15 in. in size.

All were 16 ft. long, and were tested under third-point loading on supports IS ft. center

to center. Of the three sets of three beams each, of the one-inch and of the two-inch

laminations, one set was incised and creosoted, one set was incised but not creosoted,

and one set was neither incised nor creosoted. It was desired to observe the relative effects

In Charge Technical Service, West Coast Lumbeimen's Association, Seattle, Wash.
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on strength of incising only, and of incising and crcosoting. The incising and creosoting

were done by the West Coast Wood Preserving Company.

The tests represented commercial practice in materials, fabrication, and treatment.

The results were quite uniform, but offered several interesting observations. Maximum

stresses compared favorably with basic data for the material used. By and large, glued

laminated beams are equal to or better in strength than sawn beams of similar quality,

and these tests bear out that experience. Most of the beams failed ultimately in bending,

or bending followed by shear; some failed first in shear. Comparison was desired with

Select Structural grade (1600 /) sawn stringers. The one-inch laminations were of B &

Btr. clear lumber; the two-inch laminations of Select Structural with the Ijetter pieces

used in the top and bottom laminations.

Working stresses based on these tests for the beams incised, or incised and treated,

would be about 1700 / for those of one-inch material, and 1900 / for those of two-inch

material. The one-inch material was of fine-grained rather light weight stock, with no

slope of grain limitation, while the two-inch material was of better structural quality.

For the unincised, untreated beams, working stresses would be about IQOO / on the beams

of one-inch piaterial, and 2.300 / on those of two-inch material. There was little difference

in strength between the incised treated beams and the incised untreated beams, indicating

that the effect on strength was from incising rather than from treatment, but the tests

were not sufficient in number to evaluate a definite relation between the strengths of

untreated and treated laminated beams.

These tests and other tests of glued laminated beams indicate working stresses in

shear 25 percent or more higher than on sawed beams. This would be expected because

the laminated beams are drier and are free from checks. The incised beams compared

favorably with the unincised since incision is of surfaces, and planes of maximum shear

were unincised.

These beams were considerably stiffer than sawed beams, and there was not much

difference in this respect between the treated beams and the untreated beams.

The creosote treatment seemed to have no effect on the glue Hnes. There were no

evidences of de-lamination, nor of weakness in glue lines. Shear was invariably in the

wood, and at times crossed glue lines from one lamination to the next.

Interesting points of the tests may bo summed up as follows:

1. Glued laminated beams, in general, are as strong as or stronger than sawed

beams, creosoted or untreated.

2. There was no apparent effect of creosote or treatment on the glue used in these

tests.

3. There was little difference in strength between the inci.sed beams, treated or

untreated.

4. Shear strength seems to be about the same in laminated beams incised or

unincised, treated or untreated, and to be 25 percent or more greater than in

sawed beams.

5. Glued laminated beams are stiffer than sawed beams.

6. The tests are indicative rather than conclusive. Further study is required, also

further te.sts.
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Conimiltee

To the American Railway Engineering Association:

Your committee reports on the following subjects:

1. Tests of short steel spans with open and ballasted deck floor, together with

effect of track inequahties and worn wheels on such spans.

Final report, presented as information page 100

2. Tests of steel spans with ballasted deck, including spans with pre-cast con-

crete decks and poured-in-place concrete decks; also tests on ballasted decks

with timber floor; particular attention to be given to the damping due to

the type of deck and the track ballast.

No report.

3. Tests of dynamic shear in steel girder and truss spans.

No report.

4. Tests of impact in columns and hangers of steel spans.

No report.

5. Tests of rigid frame structures of steel and concrete.

No report.

6. Analysis of additional data from impact tests.

No report.

7. Determination of damping factors of steel spans and the variation in amount

of damping with change in loading, by means of tests with an o.scillator and

model tests.

No report.

The Special CoMMiriEE on Impact,

C. H. Sandberg, Chairman.

AREA Bulletin 450, January 1945.
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Description and Analysis of Bridge Impact Tests Made on Short

Open and Ballasted Deck Steel Bridges Under Diesel and

Steam Locomotives

1. Digest

This report embraces a description and analysis of tests made on four short open

deck bridges varying in length from 20 ft. to 34 ft. overall and on three short ballasted

deck bridges varying in length from 22 ft. to 32 ft. 6 in. overall. The tests were made

under both Diesel and steam locomotives operating over a complete range of speeds

from S m.p.h. up to the maximum operating speeds of the locomotives. The purpose of

the tests was to determine the static and dynamic effects of Diesel and steam locomotives

operating over short span bridges at a complete range of speeds.

The tests were made on bridges of the Chicago, Burlington and Quincy Railroad,

the Atchison, Topeka and Santa Fe Railway, the Chicago and North Western Railway

and the Illinois Central Railroad. The tests on each span were made both with a bat-

tered rail joint in one rail at, or close to the center of the span and without a battered

rail joint on the span. Additional tests were made on two of the spans with j4-in.

rubber fabric pads under the regular steel tie plates. Additional tests were also made on

another span with a welded rail joint in one rail at the center of the span.

Stresses were measured at the center of each span under regular scheduled trains

operating at various speeds over the bridges, ranging from approximately 5 m.p.h., which

may be considered as static loading, up to a maximum speed of 100 m.p.h for the Diesels

and 85 m.p.h. for the steam locomotives. Stresses were measured under 256 Diesel loco-

motive runs and 644 steam locomotive runs or a total of 900 locomotive runs on the

seven test bridges. Electro-magnetic strain gages with oscillograph recording were used

for measuring the strains and every care was taken in calibrating the instruments and

conducting the tests; hence it is believed that the results can be accepted with full

confidence.

The results of these tests should be of particular interest to railway engineers gener-

ally for three reasons: first, because these tests were the first made in this country on

short span bridges where the strains were measured by electro-magnetic gages, thus

eliminating the inertia effects of the instruments; second, because the highest speeds,

which were considerably higher than in any previous tests on short spans, give informa-

tion of value as to stresses under present day speed of operation; and third, because a

comparison is afforded between the effects of locomotives with and without the so-called

hammer blow resulting from the unbalanced weights on the driving wheels of the steam

locomotives.

The maximum live load plus impact stresses produced by each of the locomotives

and a summary of the maximum stresses in each span, as well as the calculated stresses,

are shown in Figs. 351 to 376 incl. It will be noted that, in general, with the battered

rail joint on the span, the maximum stresses were attained at a speed of 20 to 40 m.p.h.

for the Diesels and about 50 m.p.h. for the steam locomotives, and then decreased quite

rapidly with a further increase in speed. It is apparent from these diagrams that the

maximum stresses for the steam locomotives are appreciably lower than the AREA design

stresses. It can be seen from the summary diagrams that the apparent maximum stresses

for the Diesels are considerably lower than those recorded for the steam locomotives.

In addition to the maximum stresses, the data were also analyzed for the purpose

of studying the magnitude of the individual effects which make up the total impact

effect. These individual effects, as found from this study, are as follows:
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1. The crawl or static stresses recorded under the locomotives crossing the bridge

at about five m.p.h. were found to be considerably below the calculated static stresses,

except for the Burlington open deck span. These low static stresses are probably due to

the redistribution of the loads forward and backward to the ends of the span and to

the longitudinal distribution of the concentrated axle loads resulting from the rail acting

as a continuous beam on an elastic support. A comparison of the recorded and calculated

static stresses is shown in Table I. The ratio of the average recorded to the calculated

stresses varied from 1.01 to 0.81 in the open deck bridges and from 0.82 to 0.71 in the

ballasted deck bridges.

2. The data taken from the oscillograph film indicated large stresses as the wheels

of both the Diesel and steam locomotives passed over the battered rail joint, followed

by vibrations of high frequency. The film also indicated vibrational effects in the test

span even when the battered rail joint was removed from the bridge, although these

latter vibrations were usually of a smaller amplitude and of a lower frequency than the

vibrations induced by the battered rail joint. This vibrational effect has been termed

"Track and Hammer Blow Effect" and the magnitude of this stress is shown in the

upper diagrams of Figs. 201 to 233 incl. The track effect stress, which is the resulting

stress after the hammer blow stress has been subtracted from the total, is shown in the

center diagrams of Figs. 201 to 233 incl. The concentrated load or blow at the center

of the span to produce this track effect stress is shown in the lower diagrams of these

figures.

The outstanding characteristic of the track effect resulting from the battered rail

joint on the span is the narrow range in speed within which the maximum stresses were

found and the fact that the track effect seemed to increase rapidly up to a comparatively

low speed of 20 to 40 m.p.h. for the Diesels and 30 to SO m.p.h. for the steam locomo-

tives and then decrease with a further increase in speed.

3. Exclusive of any stress resulting from track or hammer blow, a definite increase

in stress due to speed alone and termed "Speed Effect" was found throughout the tests.

The results of this speed study, in percentage of the recorded static stress, are shown in

the upper diagrams of Figs. 251 to 276 incl. On the open deck spans the apparent speed

effects varied from 17.5 to 21.8 percent for the Diesels and from 22.9 to 33.5 percent

for the steam locomotives. On the ballasted deck spans this effect varied from 8.5 to

35.5 percent for the Diesels and from 19.9 to 38.0 percent for the steam locomotives

(see Table VI).

4. The strain measurements usually showed an increase in stress in the steel under

one rail with a corresponding decrease under the other rail. This change in stress is

termed "Roll Effect" and is presumably caused by the oscillation of the spring-borne

weight of the locomotive about a longitudinal axis. The roll effects, in percentage of the

recorded static stresses, are shown in the lower diagrams of Figs. 251 to 276 incl. The
apparent roll effects were below the provisions of the AREA design and precise rating

rules, except on the Burlington open and ballasted deck spans and the Santa Fe open

deck span, see Figs. 277 to 280 incl., and Table VI.

5. The increase in maximum stress under the locomotives at various speeds over

that recorded at a speed of approximately 5 m.p.h. has been termed "Total Impact".

The total impacts in percent of the recorded static stresses are shown in the diagrams

of Figs. 301 to 333 incl. It will be noted that in general there was a decrease in impact

at the very high operating speeds.

It is apparent from these diagrams that there was a considerable reduction in the

total impacts when the battered rail joint was replaced with a continuous rail under the

Diesels but this reduction was very slight under the steam locomotives.
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The total impact percentage, with the battered rail joint on the bridge, exceeded

the AREA design specification in some of the bridges for the Diesels but was consider-

ably lower than the design impacts in all the bridges for the steam locomotives, see Figs.

334 to 337 incl.

6. Since readings were secured under practically all the trains passing over the bridge

during the test period, valuable data were secured on the frequency of occurrence of

the maximum stresses. It is apparent from Figs. 401 to 407 incl., that approximately

10 percent of the trains passing over the bridge produced stresses as large as 90 percent

of the maximum.

7. The stresses were measured in the individual beams or girders of the group

under each rail and the average values were used in the analysis of the impact data.

The diagrams of Figs. 451 to 474 incl., indicate that the variation of stress between the

beams is not a function of speed and therefore is not an item to be considered under

impact but should be considered in the design or rating of such spans. It is apparent

from these diagrams that, where the beams were well diaphragmed together, the max-

imum stress in one beam or girder of a group of two beams or girders, was about IS

percent greater than the average stress in the group. Where the two beams were not

diaphragmed together such as the Santa Fe open deck span, the maximum stress in one

beam was about 70 percent greater than the average. In a group of three beams, well

diaphragmed together, the maximum stress was 20 percent greater than the average

stress in the group.

8. Readings were taken longitudinally along the lower flange of one beam and these

readings indicate that the stress curve under a dynamic loading condition is different

from that resulting under static or slowly applied load, see Fig. 501.

2. Foreword

The bridge impact tests analyzed in this report were started in the latter part of

1941 and completed during the spring of 1943 for the Special Committee on Impact

and were carried out under the direction of G. M. Magee, research engineer, Engineering

Division, Association of American Railroads.

The conduct of the tests, analysis of data and preparation of the report were in

charge of E. J. Ruble, structural engineer. Research Staff, AAR.
The funds necessary for the tests were provided by the AAR.
Assignment 1 of the Special Committee on Impact is "Tests of short steel spans

with open and ballasted decks, together with effect of track inequaUties and worn

wheels on such spans". In order for the committee to make a final report on this assign-

ment, it was decided to determine the impacts resulting from both Diesel-electric loco-

motives, which have no unbalanced weights, and steam locomotives having unbalanced

weights in the main drivers. Stress measurements were to be made under locomotives

operating at various speeds over a battered joint in one rail located at, or close to the

center of a short bridge span and later comparing the results obtained without the rail

joint on the bridge. The results of the tests for the Diesel locomotives on all the short

spans, except the Illinois Central bridge, can be found in the Proceedings, Vol. 44, 1943,

page 25. In addition, tests were conducted on two of the bridges to determine the effect

of placing rubber fabric pads under the regular steel tie plates. Tests were also made on

one span having a welded joint in one rail at the center of the span.

The Committee on Impact decided that the tests could be made under regular

scheduled trains, since the stresses in short bridges are not affected by the tender or car

loads, so arrangements were made with the Chicago, Burlington and Quincy Railroad,
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the Atchison, Topeka and Santa Fe Railway, Chicago and North Western Railway and

the Illinois Central Railroad to conduct tests on bridges of each railroad. Arrangements

were made with the operating department of each railroad to have the trains cross the

test bridge at various speeds, ranging from S m.p.h., which is considered the same as

static loading, to the maximum operating speed of the locomotive.

An effort was made to select two bridges on each railroad having the same span

length) and the same steel design, one bridge having an open deck and the other a

ballasted deck. Since these requirements could not be met and still have the bridge in

high speed territory, it was necessary to make the tests on short bridges of various span

lengths and capacity.

The two bridges selected on the Burlington were on the main Une between Omaha
and Denver where several Diesel locomotives operate each day. The first bridge tested

was a 24-ft. single track girder span with a ballasted timber deck, near Fort Morgan,

Colo. The second bridge was a single track 30-ft. girder span with an open timber deck,

close to Wray, Colo.

The first bridge tested on the Santa Fe was a single track 22-ft. beam span with a

ballasted timber deck close to Raton, N.M. Several Diesel locomotives operate over this

bridge as well as high speed steam locomotives. The second bridge tested was a single

track 20-ft. beam span with an open timber deck close to Chanute, Kans. Two Diesel

locomotives operate over this bridge each day as well as high speed steam locomotives.

The two bridges selected on the North Western were on the main line between

Chicago and Omaha where several Diesel locomotives as well as high speed steam loco-

motives are operating each day. Both of these bridges were in double track territory.

The first bridge tested was a 26-ft. girder span with an open timber deck close to Cedar

Rapids, Iowa. The second bridge was a 3 2 -ft. 6-in. girder span with a ballasted concrete

deck close to Council Bluffs, Iowa.

The one bridge tested on the Illinois Central was on the main line south from

Chicago and close to Tuscola, 111., where several Diesel and high speed steam locomotives

operate. The bridge was a 34-ft. beam span with an open timber deck and was in double

track territory.

The general procedure in making these tests on the bridges in single track territory,

after the instruments had all been calibrated and erected, was to secure records under

the Diesel and steam locomotives at various speeds with a battered rail joint in one rail

on the bridge. The battered rail joint was then replaced with a continuous rail and

records were then taken of the trains at approximately the same speeds. Since the North

Western bridges were in double track territory and the steel under both tracks was

identical, the battered joint in one rail was placed on one track only. Records were then

taken under both tracks, one track having the battered rail joint and the other track

without the battered rail joint. It was apparent from the test records that the effect of

the battered rail joint in one rail was negligible in the beams under the other rail, so on

the Illinois Central tests the battered rail joint was placed in one rail of each track.

Moving pictures on 16 millimeter film at 64 frames per second were taken of the

drivers on the steam locomotives on all the runs, except those taken at night, when the

speed exceeded 30 m.p.h. These pictures included a marker showing the run number and

a scale, graduated in feet, painted on the rail. This scale made it possible to determine

the angular position of the crank pins when the drivers were at the center of the span.

After the tests with the battered rail joint on the Santa Fe bridges were completed,

additional tests were made with rubber fabric pads Yi in. thick before the battered joint

was removed from the bridge. These pads were placed under the regular steel tie plates
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Fig. 1.—General View of Test Equipment Inside Building.

at every tie on the test span and for about 15 ties beyond each end of the span. Records

were then taken under the locomotives at various speeds.

After the tests with the battered rail joint on the Illinois Central bridge were com-

pleted, additional tests were made after the battered rail ends had been built up by

welding and the rail ends welded together.

As previously mentioned, the results of the tests under all the Diesel locomotives,

except on the Illinois Central bridge, were reported in the Proceedings, Vol. 44, 1943,

but in order to make this report more complete, the results obtained for the Diesel

locomotives have been shown in all the summary diagrams of the test results.

3. Instruments

The instruments used in these tests were of the electrical type and were similar to

those used by the Pennsylvania Railroad in the Chester bridge tests as reported in the

Proceedings, Vol. 42, 1941.

The tests on the Burlington, Santa Fe and North Western bridges were made with

one six-element oscillograph so that it was possible to measure only six simultaneous

strains. The tests on the Illinois Central bridge were made with a 12-element oscillograph

so that 12 simultaneous strains could be measured at one time.

No effort was made to measure vertical or lateral deflections.
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Fig. 2.—Electro-Magnetic Strain Gage.

Electro-Magnetic Strain Gage

The electro-magnetic strain gage shown in Fig. 2, consists essentially of an electro-

magnet having a rn shaped core with an adjustable armature across the legs of the core.

The gage, which has a 2-in. gage length, is fastened to the steel in which it is desired

to measure the strain with a dei&nite air gap provided between the armature and the

ends of the magnetic core. A change in strain of the steel produces a change in the

width of the air gap, resulting in a relative change in the impedance within the electro-

magnet to the 2,000 cycle per sec. alternating current passing through it. This change in

the impedance serves to produce an unbalance in the bridge circuit which actuates a

galvanometer in the oscillograph, producing a continuous record of the amount of strain

on a moving film or sensitized paper.

Oscillograph

The oscillograph is essentially a light-proof box with a row of magnetic galva-

nometers at one end, a light source and focusing prisms in the center, and a moving

film at the other end.

The magnetic galvanometer consists of a small mirror, oil damped, suspended in a

permanent magnetic field in such a manner that the mirror rotates in proportion to

the amount of current flowing through the galvanometer. The galvanometers have a flat

response for frequencies up to 800 cycles per sec. with a 10 percent loss in response at

1,000 cycles per sec. In other words, the mirror in the galvanometer will rotate the same

amount under an impedance change applied 800 cycles per sec. as it does under the

same impedance change applied statically.

Control Unit

The control unit consists of the balancing impedance and resistances, sensitivity

control, rectifiers and filters for each gage circuit.

Power Supply Unit

For operation of the strain gages a power supply was required to furnish the 2,000

cycle per sec. a.c. For this purpose an electronic oscillator was used which operated

directly from 110-volt 60 cycle per sec. a.c. The 110-volt 60 cycle current was furnished

by a gasoline engine-driven generator (see Fig. 4).
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Wheel passes over spring

and closes electrical circuit.

Fig. 5.—Wheel Position Marker.

Fig. 6.—Welding Rails for Tests with Welded Joint Over Beams.
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Calibration

The strain gages were calibrated individually before and after the tests by means

of the calibrating stand shown in Fig. 3. Calibration consisted of placing the gage on

the stand in its regular working circuit, making progressive changes in the air gap of the

gage, and recording the corresponding galvanometer deflection in the oscillograph. In

this manner a definite relation was established between the gage air gap width and

galvanometer deflection which relation remained unchanged wherever the gage was

subsequently applied. Since the change in gage air gap width represented the strain in

a 2-in. gage length, the unit strain was readily obtained from the galvanometer deflec-

tion on the oscillograph record for any test run.

Wheel Position Marker

The relative position of each locomotive wheel with respect to the center of the

span was indicated by two solenoid marker units in the oscillograph through the use

of the spring-type switch on the wheel position marker (see Fig. 5).

The speed of the locomotive having a known wheel base was readily obtained from

the oscillograph film by determining the elapsed time between the first and last loco-

motive wheel passing over the wheel position marker located at the center of the span

(see typical strain record, Fig. 151).

Field Test Building

A small test building 6 ft. wide by 8 ft. long was built to house the instruments.

This test building was built in sections consisting of the roof, floor and four walls and

was shipped from one test location to the other by freight. The various sections are

held together by angles and bolts and the building can be easily erected by six men in

about an hour.

Location of Instruments

Burlington Tests—30-Ft. Deck Girder Span—Open Timber Deck.—The location of

the gages for these tests is shown in Fig. 51.

Gages 1 and 2 were kept on the center of the lower flange for all the test runs.

The remaining gages were moved to the various positions indicated on the girder flanges

and the lateral bracing during the progress of the tests.

The stresses in the top flange were measured by placing gages 3, 4, 5 and 6 as

shown; in Fig. 51. Gages 5 and 6 were affected by the vertical bending in the upper

flange due to the tie deflection, so the recorded stresses from these two gages are not

of value.

24-Ft. Deck Girder Span—Ballasted Timber Deck.—^The location of the gages for

these tests is shown in Fig. 52.

Gages 1 and 2 were kept on the center of the lower flange for all the test runs.

The remaining gages were moved to the various positions indicated on the girder flanges

and the lateral bracing during the progress of the tests.

An effort was made to measure the top flange stress by placing gages 5 and 6 as

shown in Fig. 52, but due to the vertical bending in the top flange, no satisfactory stress

records were obtained.

Santa Fe Tests—20-Ft. Beam Span—Open Timber Deck.—The location of the gages

for these tests is shown in Fig. 53.

Gages 1 to 4 inclusive were kept on the center of the lower flanges of all four beams

and gages 5 and 6 on the upper flange of one beam for all the test runs. In this manner

it was possible to measure simultaneously the top and bottom flange stresses in one

beam for all the test runs. (text continued on page 218)
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(text continued from page 205)

22-Ft. Beam Span—Ballasted Timber Deck.—The location of the gages for these

tests is shown in Fig. SS.

All six gages were placed on the center of the lower flanges of all six beams and the

majority of the runs were made with the gages in this position. A few runs were secured

with gages 1 and S on the top flange of the same beam as gage 3, and gages 2 and 6 on

the top flange of the same beam as gage 4 to record the simultaneous stresses in the top

and bottom flanges.

North Western Tests—26-Ft. Deck Girder Span—Open Timber Deck.—^The location

of the gages for these tests is shown in Fig. S6. It should be pointed out that the stresses

in the steel under both tracks were measured by using 12 gages, 6 on the girders under

each track. Two gages were connected to each galvanometer so that by throwing the

proper switches, stresses under each track could be measured.

Gages 1 to 4 inclusive, were kept on the lower flanges of all 4 girders of one span

while gages S and 6 were kept on the outstanding legs of the upper flange of one girder

for all the test runs.

The stresses in the top flange, as measured by gages S and 6, were affected by

localized bending of the flange so that the values of the direct stresses could not be

determined.

32-Ft. 6-In. Deck Girder Span—Ballasted Concrete Deck.—^The location of the gages

for these tests is shown in Fig. 58. The stresses in the girders under both tracks were

measured by using 12 gages, 6 gages on the girders under each track, the same as for

the open deck span.

Gages 1 to 4 inclusive, were kept on the lower flanges of all 4 girders of one span

while gages S and 6 were kept on the outstanding legs of the upper flanges of one girder

for all the test runs.

The stresses in the top flange, as measured by gages S and 6 were not affected by

the localized bending of the flange so that it was possible to measure simultaneously the

top and bottom flange stresses in one girder.

Illinois Central Test—34-Ft. Beam Span—Open Timber Deck.—The location of the

gages on the lower flange for these tests is shown in Fig. 59.

As previously mentioned a 12-element oscillograph was used in these tests so that

12 simultaneous strains could be measured at one time. The stresses in the beams under

both tracks were measured by using 24 gages, 12 gages on the beams under each track,

connecting two gages to each galvanometer the same as that done in the North Western

tests.

Gages 1 to 4 inclusive, were kept on the lower flanges of all four beams of one span

while the remaining eight gages were moved to various positions during the progress of

the tests, such as: edges of lower flanges, edges and center of top flanges, diaphragms,

longitudinally along the center of the lower flange of one beam and the beam webs at

one end of the span.

4. Spans Tested

Burlington Bridges

30-Ft. Deck Girder Span—Open Timber Deck.—^This single track span consisted of

2 girders 7 ft. center to center, 30 ft. long overall, and 28 ft. 8 in. center to center of

bearings, as shown in Fig. 51. The capacity of this span, using gross section and the

present AREA stresses and impact, would be Cooper E-111.2. The center line of track

was off center to the north 54 in. at both ends of the bridge. With an eccentricity of this

amount, the north girder would carry 50.9 percent of the total load and the south girder

would carry 49.1 percent.
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The deck was of the open type, that is, the timber ties supporting the rail rested

directly on the top flanges of the girders.

The profile of the battered rail joint over the south girder 2 ft. east of the center

of the span can be found in the Proceedings, Vol. 44, 1943, Fig. 5. This battered joint

was made by grinding down the adjoining ends of the two rails. After the tests with the

battered rail joint were completed, the two rails with the battered ends were replaced

by one full length rail and two half length rails. This eliminated the rail joint over the

south girder for the tests without the rail joint.

The amount of play each tie had between the rail base and the top of steel was

measured by taking precise levels on the tie and rail. Readings were first taken with

the tie pushed up against the rail and then with the tie pushed down against the steel.

The amount of this play and the top of rail profile can be found in the above-mentioned

Proceedings, Fig. 5.

24-Ft. Deck Girder Span—Ballasted Timber Deck.—This single track span consisted

of 2 girders 7 ft. center to center, 23 ft. 9^ in. long overall, and 23 ft. center to center

of bearings as shown in Fig. 52. The capacity of this span, using gross section and the

present AREA design stresses and impact, would be Cooper E-103.0. The center line of

track did not coincide with the center line of steel, the track being off center to the

north 1J4 in- at the west end and ^ in. at the east end. With an average eccentricity

of one inch, the north girder would carry 51.2 percent of the total load and the south

girder 48.8 percent.

The deck was of the ballasted type, that is, the timber ties supporting the rail

rested on six in. of crushed rock ballast. The ballast was supported by a solid timber

floor resting directly on the girders.

,T!he profile of the battered rail joint over the north girder 3 ft. 1 in. west of the

center of the span can be found in the Proceedings, Vol. 44, 1943, Fig. 7. This battered

joint was made by grinding down the adjoining ends of the two rails. After the tests

with the battered joint were completed, the two rails with the battered ends were re-

placed by one full length rail and two half length rails. This eliminated the rail joint over

the north girder for the tests without the rail joint.

The amount of play each tie had between the rail base and the ballast and the top

of rail profile can be found in the above-mentioned Proceedings, Fig. 7.

Santa Fe Bridges

20-Ft. Beam Span—Open Timber Deck.—^This single track span consisted of 4 beams

without diaphragms, 20 ft. long overall, and 19 ft. center to center of bearings, as shown

in Fig. 53. The capacity of this span, using gross section and the present AREA design

and impact, would be Cooper E-S0.9. The center line of track did not coincide with the

center line of the steel, the track being off center to the south ^ in. at the west end and

1 in. at the east end. With an average eccentricity of ^ in., the south beam group would

carry 51.5 percent of the total load and the north beam group would carry 48.5 percent.

The deck was of the open type, that is, the timber ties supporting the rail rested

directly on the top flanges of the beams.

The elevations at the top of the beams were secured by taking precise levels at the

center of the top flange at both ends of the span and at the center. The profile and the

difference in elevations of the four beams at the ends and at the center of spans are

shown in Fig. 54. The ties in Sections A--A, B-B and C-C are shown level and resting

on the high beam in order to use the bottom of the tie as a base line for the dimensions

shown. Actually the ties are dapped and worn so that there is fair bearing on all the
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beams except the inside beam of the north beam group. The bottom of the ties are

from % in. to ^ in. above the top of this beam for its entire length.

The profile of the battered rail joint over the south beam group at the center of the

span can be found in the Proceedings, Vol. 44, 1943, Fig. 9. This battered joint was
made by cutting the rail directly at the center of the span and then grinding down the

adjoining ends. After the tests with the battered joint were completed, the cut rail with

the battered ends was replaced with a full length rail. This eliminated the battered joint

over the south beam group for the tests without the rail joint.

The amount of play each tie had between the rail base and the top of steel was
measured by taking precise levels on the tie and rail. The amount of this play and the

top of rail profile can be found in the above-mentioned Proceedings, Fig. 9.

22-Ft. Beam Span—Ballasted Timber Deck.—This single track span consisted of

beams 22 ft. long overall, and 21 ft. center to center of bearings, as shown in Fig. ?tS.

The capacity of this span, using gross section and the present AREA design stress and

impact, would be Cooper E-60.4. The center line of track did not coincide with the

center line of the steel, the track being off center to the north 2^ in. at the east end

and ^ in. at the west end. With an average eccentricity of 1% in., the north beam group

would cary S2.S percent of the total load and the south beam group would carry 47.S

percent.

The deck was of the ballasted type, that is, the timber ties supporting the rail

rested on six in. of crushed rock ballast. The ballast was supported by a solid timber

floor resting directly on the top flanges of the beams.

The profile of the battered rail joint over the south beam group at the center of the

span can be found in the Proceedings, Vol. 44, 1943, Fig. 11. The battered joint was

made by cutting the rail directly at the center of the span and then grinding down the

adjoining ends the same as for the open deck span. After the tests with the battered

joint were completed, the cut rail with the battered ends was replaced with a full length

rail thus eliminating the battered joint for the tests without the rail joint.

The amount of play each tie had between the rail base and the ballast and the top

of rail profile can be found in the above-mentioned Proceedings, Fig. 11.

North Western Bridges

26'Ft. Deck Girder Span—Open Timber Deck.—This double track span consisted

of 4 girders per track 26 ft. long overall, and 25 ft. 2 in. center to center of bearings

as shown in Fig. 56. The capacity of these spans, using gross section and the present

AREA design stresses and impact would be Cooper E-58.S. The center line of track on

the eastbound span was off center to the north an average of 1^ in. so that the north

girder group would carry 52,5 percent of the total load and the south girder group 47.S

percent. The center line of track on the westbound span was off center to the north

§^ in. so that the north girder group of this span would carry 51 percent of the total

load and the south girder group 49 percent.

The deck was of the open type, that is, the timber ties supporting the rail rested

directly on the top flanges of the girders.

The elevations of the top of the girders were secured by taking precise levels on the

top flange angle close to the web at both ends and at the center of span. The profile

and the difference in elevations of the four girders at the ends and at the center for each

span are shown in Fig. 57. The ties in the Sections A--A to F-F inclusive are shown level

and resting on the high girder in order to use the bottom of the tie as a base line for

the dimensions shown. Actually the ties are dapped and worn so that there is fair

bearing on all the girders.
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The profile of the battered rail joint over the south girder group at the center of

the westbound span can be found in the Proceedings, Vol. 44, 1943, Fig. 14. The bat-

tered joint was secured by cutting the rail directly at the center of the span and then

grinding down the adjoining ends.

The amount of play each tie had between the rail base and the top of the steel was

measured by taking precise levels on the tie and the rail. The amount of this play and

the top of rail profile for both tracks can be found in the Proceedings, Vol. 44, 1943,

Figs. 13 and 14.

32-Ft. 6-In. Deck Girder Span—Ballasted Concrete Deck.—^This double track span

consisted of four girders per track 32 ft. 6 in. long overall, and 31 ft. 8 in. center to

center of bearings, as shown in Fig. 58. The capacity of these spans, using gross section

and the present AREA design stresses and impact would be Cooper E-S3.9. The center

line of track on the eastbound span was off center to the north an average of 15^ in. so

that the north girder group would carry 52.3 percent of the total load and the south

girder group 47.7 percent. The center line of track on the westbound span was off center

to the north an average of li in. With this eccentricity, the north girder group would

carry 50.2 percent of the total load and the south girder group 49.8 percent.

The deck was of the ballasted type, that is, the timber ties supporting the rail

rested on six in. of gravel ballast. The ballast was supported by pre-cast concrete slabs

resting directly on the top flanges of the girders.

The profile of the battered rail joint over the north girder group at the center of

the eastbound span can be found in the Proceedings, Vol. 44, 1943, Fig. 16. The battered

joint was secured by cutting the rail directly at the center of the span and then grinding

down the adjoining ends. There was a close fitting rail joint without batter 5 in. east

from the center of the span over the south girder group of the westbound span but no

evidence could be found on the oscillograph film of any impact effect resulting from

this joint.

The amount of play each tie had between the rail base and the ballast and the top of

rail profile for both spans can be found in the above-mentioned Proceedings, Rgs. 16

and 17.

Illinois Central Bridge

34-Ft. Beam Span—Open Timber Deck.—This double track span consisted of four

wide flange beams per track 34 ft. long overall, and 33 ft. center to center of bearings,

as shown in Fig. 59. The capacity of these spans, using gross section and the present

AREA design stresses and impact, would be Cooper E-69.5. The center line of track on

both the southbound span and the northbound span was off center to the east an average

of ^ in. so that the east beam group would carry 50.8 percent of the total load and

the west beam group 49.2 percent.

The deck was of the open type, that is, the timber ties supporting the rail rested

directly on the top flanges of the beams.

The elevations at the top of the beams were secured by taking precise levels at the

center of the top flange at both ends of the span and at the center. The profile and the

difference in the elevations of the four beams at the ends and at the center for each

span are shown in Fig. 60. The ties in Sections A-A to F-F inclusive are shown level

and resting on the high beam in order to use the bottom of the tie as a base line for

the dimensions .shown. Actually, the ties are dapped and worn so that there is fair

bearing on all the beams.
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In these tests it was decided to place a battered rail joint in one rail at the center

of each span since, in previous tests, the effect of the battered rail joint was negligible

on the beam group under the rail without the joint. The location and profile of the

battered rail joint and location of the welded rail joint over the east beam group in the

northbound span are shown in Fig. 61. The location and profile of the battered rail

joint over the west beam group in the southbound span are shown in Fig. 62. The

battered joint in the northbound span was secured by grinding down the adjoining ends

of the two rails. The battered joint in the southbound span was made by cutting the

rail directly at the center of the span and then grinding down the adjoining ends. After

the tests with the battered rail joint on the northbound span were completed, the rail

ends were welded together, see Fig. 6, to form a continuous rail over the span for the

tests with the welded rail joint.

The amount of play each tie had between the rail base and the top of steel was

measured by taking precise levels on the tie and rail. Readings were first taken with

the tie pushed up against the rail and then with the tie pushed down against the steel.

The amount of this play and the top of rail profile for both spans are shown in Figs. 61

and 62.

5. Locomotives

As previously stated, the tests were made under regularly scheduled trains. The

locomotive numbers were recorded as the train passed over the bridge and the locomo-

tives were then grouped according to their classes. The necessary information regarding

these locomotives such as axle weights, axle spacing, nominal wheel diameters and all

information required to calculate the components and resultant unbalanced weights on

the driving wheels of the steam locomotives was furnished by the mechanical depart-

ments of the individual railroads.

An important dynamic effect from a steam locomotive is due to the centrifugal

forces set up by the unbalanced weights on its drivers. In these tests such forces occurred

only with the steam locomotives, as there were no unbalanced rotating weights on the

wheels of the Diesel locomotives.

Experience on several railways in recent years with modern high speed locomotives

definitely indicated the need for a comprehensive investigation of the counterbalancing

of steam locomotives for high speed service. Accordingly, extensive counterbalancing

tests were conducted by the AAR and a method of analysis arrived at which has been

verified by the results of these tests. The results of this investigation were issued in a

report by the AAR and in AREA Bulletin 447, September-October 1944.

The disturbing forces of the revolving weights on the driving wheels of all the steam

locomotives used in these tests were analyzed according to the method described in the

above mentioned reports. The calculations involved in analyzing the disturbing forces

on the front and main driver of a typical locomotive are shown in Figs. 101 and 102 A
to 102 C incl. The General Data listed under "A" of these figures were secured from the

mechanical department of the railroad concerned.

It should be pointed out that the weights of the back end of the main rod and
eccentric rod are not the scaled weights but are the "equivalent revolving weights". The
weight of the main rod was divided into two separate weights; one weight to be con-

sidered as revolving weight at the crank pin, the other weight to be considered as recipro-

cating. The equivalent revolving weight was determined on most of the locomotives by

(K \^

y- j ; where K equals the

radius of gyration of the rod about the center of the front pin and L equals the length

(text continued on page 234)
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/i. GENERAL DATA
WEIGHT OF SIDE ROD 166 LB.
WEIGHT OF SIDE ROD FIT 55 LB.
WEIGHT OF HUB FIT 79 LB.
WEIGHT OF WASHER 12 LB.
BALANCING WEIGHT ON PIN 394 LB.

CRANK PIN RADIUS 15 IN.

DISTANCE BETWEEN COUNTERBALANCE PLANES-- 61.50 IN.

DISTANCE BETWEEN HUB FITS 60.00IN.
DISTANCE BETWEEN SIDE RODS 72.25 IN.

DISTANCE -BETWEEN NUTS . 77.87 IN.

B. COUNTER-WEIGHT
15' 15'

SIDE ROD FIT 55 LB.
HUB FIT 79 LB.

NUT 12 LB.

\394\ TOTAL' 146 LB.

' I COUNTER- WEIGHT C.W. • 394 * 146-540 LB.

C EQUIVALENT REVOLVING COMPONENTS IN COUNTERBALANCE PLANES

-12A 69.69"

166
NUT
SIDE ROD
SIDE ROD \ ^^eiT J

55FIT

HUB FIT

66.88

60.75'

C.W. '540
61.50"

^Ml 79^ 60.75
221 X 66.8B
12 ^69.69

312 LB.

4,800 in -lb.

14,780
840

COMPONENT IN R

COMPONENT IN "L"

20,420in.-lb.

20.420
61.50 = ^32LB

332-312' 20 LB

OVERBALANCE
OPPOSITE PIN

540-332' 208 LB.

COUNTERBALANCE
PLANE "R"

COUNTERBALANCE
PLANE 'L'

D. COMPONENTS AND RESULTANTS OF UNBALANCE

RESULTANT

TAN. OF ANGLE •

ANGLE ' 5'- 29'

y 20^*208^' 209 LB.

20
- 0.096

FIG. I0(

I.C.R .R. BRIDG E TESTS

TYPICAL COMPUTATIONS
DETERMINING THE RESULTANT

WEIGHTS PRODUCING
DYNA MIC AUG MENT

FRONT DRIVER
MOUNTAIN 4-8-2

(I.C CLASS 2500)
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A. GENERAL DATA
WEIGHT OF CRANK PIN HUB 284 LB.

WEIGHT OF HUB FIT 173 LB.

WEIGHT OF SIDE ROD 959 LB.

WEIGHT OF SIDE ROD FIT 167 LB.

WEIGHT OF MAIN ROD FIT 193 LB.

WEIGHT OF ECCENTRIC CRANK- PIN END 112 LB.

WEIGHT OF ECCENTRIC CRANK- ROD END 65 LB.

WEIGHT OF ECCENTRIC CRANK- TOTAL 177 LB.

WEIGHT OF ECCENTRIC CRANK FIT 25 LB.

EQUIVALENT REVOLVING WEIGHT OF MAIN ROD-- 821 LB.

EQUIVALENT REVOLVING WEIGHT OF ECCENTRIC ROD- 50 LB.

BALANCING WEIGHT ON PIN 2,303 LB.

ANGLE OF PIN BELOW HORIZONTAL 4°-48'

CRANK PIN RADIUS 15 IN.

ECCENTRIC THROW 19.25 IN.

DISTANCE BETWEEN COUNTERBALANCE PLANES -- 61.62 IN.

DISTANCE BETWEEN HUB FITS 61.06 IN.

DISTANCE BETWEEN SIDE RODS 74.75 IN.

DISTANCE BETWEEN MAIN RODS - - 9I.OOIN.

DISTANCE BETWEEN ECCENTRIC CRANKS 103.74 IN.

B. COUNTER-WEIGHT

COS. 4'-48'' 0.9965
SIN. 4'-48' ' 0.0837

COS. 9'- 36'' 0.9860

4''-48

CRANK PIN HUB 284
HUB FIT 173
SIDE ROD FIT 167
MAIN ROD FIT 193
ECCENTRIC CRANK FIT 25

842

'

' COUNTER - WEIGHT, C.W

C.W.'

C.W.H

C.W.^

2,303X 0.9965 > 842(0. 9965 + 0. 837)
0.9860

' 3,250 X 0.9965 = 3,240 LB.

' 3,250x0.0837' 272 LB.

3,250 LB

(CONTINUED- SEE
FIGS. 102B a I02C)

FIG.I02A

LC. R.R. BRIDGE TESTS

TYPICAL COMPUTATIONS
DETERMINING THE RESULTANT

WEIGHTS PRODUCING
DYNAMIC AUGMENT

MAIN DRIVER
MOUNTAIN 4-8-2

(I.e. CLASS 2500)
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C. ECCENTRIC CRANK AND ROD
l.< RESULTANT WEIGHTS IN. CRANK PIN PLANE

(CONTINUED
FROM FIG. I02A)

W.H-I06LB.

(0.07 K

W, ' EQUIVALENT WEIGHT DUE TO ECCENTRIC CRANK 177x9.85t 15.00 • II6LB.
Wg- EQUIVALENT WEIGHT DUE TO ECCENTRIC ROD 50x9.62-^ 15.00 • 32 LB.

W = RESULTANT WEIGHT OF W, AND Wg I29LB.
W„= COMPONENT OF RESULTANT WEIGHT ALONG CRANK PIN -- lOGLB
W^' COMPONENT AT 90° TO CRANK PIN 73 LB.

106 LB.

WHEEL

RIGHT WHEEL

2. EQUIVALENT REVOLVING COMPONENTS IN COUNTERBALANCE PLANES
LEFT WHEEL- SUMMATION OF MOMENTS ABOUT RIGHT COUNTERBALANCE PLANE

{h I06x82.68t 6162' +142 ^ + 73x8268 + 6162 +98

+ n7 LB.

+ 106x21.06 +61.62' +36
+134 LB

RIGHT WHEEL - SUMMATION -OF MOMENTS ABOUT RIGHT COUNTERBALANCE PLANE

VERTICAL
WEIGHT

62 LB

+ 73x82.68 + 6l.62' + 98
- 106x21.06+ 61.62'-36

+ 62 LB.

HORIZONTAL
WEIGHT

RIGHT WHEEL

i 117 LB.

LEFT WHEEL

(CONTINUED ON
FIG. 102C)

+ 106x82. 68 + 61.62' + 142

+ 73x21.06 + 61.62'+ 25
+ 167 LB.

FIG. I02B
I.C.R. R. BRIDGE TESTS

TYPICAL COMPUTATIONS
DETERMINING THE RESULTANT

WEIGHTS PRODUCING
DYNAMIC AUGMENT
M AIN DRIVE R

MOUNTAIN 4-8-2
(I.C.CLASS 2500)
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D. EQUIVALENT REVOLVING COMPONENTS IN
COUNTERBALANCE PLANES

(FOR ALL WEIGHTS EXCEPT ECCENTRIC CRANK AND ROD)

82.68"

(CONTINUED FROM
FIG. I02 B)

ECCENTRIC .p^,„^iCRANK FIT -'^^ LB-

MAIN ROD =821
MAIN ROD ,,q^

FIT
'^^

SIDE ROD
SIDE ROD

FIT

CRANK PIN^ r,oa
HUB ]" ^^^

HUB FIT = 173
457 LB.

IMl = 25 X 8268
1,014 X 76.31
1,126 X 68.18
457 X 61.34

2,622LB. 184,170 In.-lb.

COMPONENT 1 184, 170

2,070
77,400
76,700
28,000

IN 'R" I

MENT 1 ^COMPONENT
IN

eier -2,990 lb

990 -2,622•368LB.

COUNTERBALANCE
PLANE 7?"

COUN TERBALANCE
PLANE "L"

£ SUMMARY OF EQUIVALENT REVOLVING COMPONENTS IN
COUNTERBALANCE PLANES

COUNTERWEIGHT
RODS AND PIN 2,990

= 2,990RODS AND PIN
ECC. CRANK AND ROD' 167

3,157
ECC. CRANK AND ROD' 62
COUNTERWEIGHT C.W.y 272

334

.CRANK
C.W.y * 272 LB.

COUNTERWEIGHT
C.W.fj * 3,240 LB,

RODS AND PIN ' 368
ECC. CRANK AND ROD ' 134

502LB.

LEFT WHEEL

COUNTERWEIGHT C.W.^'3,240 LB.

RIGHT WHEEL

F. COMPONENTS AND RESULTANTS OF UNBALANCE

RIGHT WHEEL

RIGHT WHEEL LEFT WHEEL

-l/^RESUL TANT' V 83'"+34
34
83TAN. OFANGLE '

ANGLE ' 22'-1
5'

^= 99 LB. RESULTANT ' Vi:

0.409 TAN. OF ANGLE

ANGLE

'230 +133 '266 LB.

230
133

59 '-58'

FIG. I02C

I.C.R. R. BRIDGE T ESTS

TYPICAL COMPUTATIONS
DETERMINING THE RESULTANT

WEIGHTS PRODUCING
DYNAMIC AUGMENT

1.73
MAIN DRIVER

MOUNTAIN 4-8-2
(I.e.CLASS 2500)
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(text continued from page. 222)

of the rod between pins. The radius of gyration K was obtained by swinging the rod as

a pendulum about the center of the front pin. Investigations of a number of rods have

shown that the equivalent revolving weight is approximately % of the scale weight of

the crank pin end so this value was accordingly used for those locomotives where the

radius of gyration had not been determined by swinging the rod as a pendulum.

The steam locomotives used in these tests were of the two-cylinder type, the right

pin leading by 90 deg. and with the eccentric crank trailing. A description of all the

Diesel locomotives, except the Illinois Central Diesel, under which test records were

obtained, can be found in the Proceedings, Vol. 44, 1943, while a description of all the

steam locomotives and the Illinois Central Diesel locomotive is as follows:

Burlington Locomotives

Steam Locomotive—Hudson Type 4-6-4 (Class S^).—The locomotives of this class

are used in passenger service and all general data regarding them are shown in Fig. 103.

The total weight of these locomotives, without tender, is 394,200 lb. Their rating for

center moment, in terms of Cooper loading is E-SS.8 on the 30-ft. deck girder span and

E-S4.4 on the 24-ft. deck girder span. The tenders with 15,000 gal. of water and 24 tons

of coal weigh 326,040 lb.

These locomotives have an average reciprocating unbalance per side per ton of

locomotive weight in working order of 4.74 lb. and an average reciprocating compensa-

tion of 25 percent. The above mentioned counterbalancing tests indicated that the dis-

turbing effects of the reciprocating unbalance upon the locomotive were moderate when

the reciprocating unbalance did not exceed 8 lb. per ton.

The main drivers are crossbalanced while the front and rear drivers are straight

balanced. The calculated hammer blow stress based on the gross section at the center of

the span, at one revolution per second is 10.9 lb. per sq. in. on the 30-ft. span and 10.7

per sq. in. on the 24-ft. span for both sides of the locomotive.

Steam Locomotive—Mikado Type 2-8-2 (Class 0-1A).—The locomotives of this

type are used in freight service and all general data regarding them are shown in Fig. 104.

The total weight of these locomotives, without tender is 306,951 lb. Their rating for

center moment, in terms of Cooper loading, is E-S5.8 on the 30-ft. deck girder span and

E-S3.6 on the 24-ft. deck girder span. The tenders with 10,000 gal. water and 19 tons

of coal weigh 195,280 lb.

These locomotives have an average reciprocating unbalance per side per ton of

locomotive weight in working order of 2.36 lb. and an average reciprocating compensa-

tion of 76 percent.

The drivers are all straight balanced with no overbalance on the main driver. The

calculated hammer blow stress based on the gross section at the center of the span, at

one revolution per second is 41.2 lb. per sq. in. on the 30-ft. span and 40.0 lb. per sq. in.

on the 24-ft. span for both sides of the locomotive.

Steam Locomotive—Texas Type 2-10-4 (Class M-4A).—The locomotives of this

type are used in freight service and all general data regarding them are shown in Fig. 105.

The total weight of these locomotives, without tender is 501,200 lb. Their rating for

center moment, in terms of Cooper loading, is B-68.7 on the 30-ft. span and E-62.3 on

the 24-ft. span. The tenders with 21,500 gal. water and 24 tons of coal, weigh 385,800 lb.

These locomotives have an average reciprocating unbalance per side per ton of

locomotive weight in working order of 4.27 lb. and an average reciprocating compensa-

tion of 30 percent.

The front intermediate, main and rear intermediate drivers are crossbalanced while

the front and rear drivers are straight balanced. The calculated hammer blow, based on
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the gross section at the center of the span, at one revolution per second is IS.S lb. per

sq. in. on the 30-ft. span and 1S.6 lb. per sq. in. on the 24-ft. span for both sides of the

locomotive.

Santa Fe Locomotives

Steam Locomotive—Pacific Type 4-6-2 (Class 3400).—^The locomotives of this class

are used in passenger service and all general data regarding them are shown in Fig. 106.

The total weight of these locomotives, without tender, is 314,660 lb. Their rating

for center moment, in terms of Cooper loading, is E-51.2 on the 20-ft. beam span. The

tenders with 12,000 gal. water and 4,000 gal. of oil weigh 244,410 lb.

These locomotives have an average reciprocating unbalance per side per ton of

locomotive weight in working order of 5.69 lb. and an average reciprocating compensa-

tion of 51 percent.

The drivers are all straight balanced with 52 lb. overbalance on the left main and

4 lb. underbalance on the right main. The out-of-plane effect amounts to 435 lb. on the

left main. The calculated hammer blow stress, based on the gross section at the center

of the 20-ft. span, at one revolution per second, is 110 lb. per sq. in. for the left side and

67 lb. per sq. in. for the right side.

Steam Locomotive—Mikado Type 2-^-2 (Class 3160 and 4000).—The locomotives

of this class are used in freight service and all general data regarding them are shown

in Fig. 107.

The total weight of these locomotives, without tender, is 317,400 lb. Their rating for

center moment, in terms of Cooper loading, is E-60.9 on the 20-ft. span. The tenders

with 15,000 gal. of water and 5,000 gal. of oil weigh 298,620 lb.

These locomotives have an average reciprocating unbalance per side per ton of

locomotive weight in working order of 6.98 lb. and an average reciprocating compensa-

tion of 46 percent.

The drivers are all straight balanced with 285 lb. underbalance and 457 lb. out-of-

plane effect on the left main resulting in 539 lb. unbalanced weight on this driver. The

calculated hammer blow stress, based on the gross section at the center of the 20-ft. span

at one revolution per second is 121 lb. per sq .in. on the left side and 100 lb. per sq. in.

on the right side.

Steam Locomotive—Northern Type 4A8~4 (Class 3765).—The locomotives of this

class are used in passenger service and all general data regarding them are shown in

Fig. 108.

The total weight of these locomotives, without tender, is 499,600 lb. Their rating

for center moment, in terms of Cooper loading, is E-56.5 on the 22-ft. beam span. The

tenders with 20,000 gal. of water and 7,000 gal. of oil weigh 396,246 lb.

These locomotives have an average reciprocating unbalance per side per ton of

locomotive weight in working order of 6.25 lb. and an average reciprocating compensa-

tion of 43 percent.

The main and intermediate drivers are crossbalanced while the front and rear

drivers are straight balanced. The calculated hammer blow stress, based on the gross

section at the center of the 22-ft. span, at one revolution per second is 96 lb. per sq. in.

for both sides of the locomotives.

Steam Locomotive—Northern Type 4-3-4 (Class 3776).—The locomotives of this

type are used in passenger service and are similar to the class 3765 locomotives. All

general data regarding these locomotives are shown in Fig. 109.

The total weight of these locomotives, without tender, is 494,630 lb. Their rating

for center moment, in terms of Cooper loading, is E^S5.2 on the 22-ft. span. The tenders

with 24,500 gal. of water and 7,000 gal. of oil weigh 466,000 lb.
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These locomotives have an average reciprocating unbalance per side per ton of

locomotive weight in working order of 4.75 lb. and an average reciprocating compensa-

tion of 37 percent.

The main and intermediate drivers are crossbalanced while the front and rear

drivers are straight balanced. The calculated hammer blow stress, based on the gross

section at the center of the 22-ft. span at one revolution per second is 50 lb. per sq. in.

for both sides of the locomotives.

Steam Locomotive—Santa Fe Type 2-10-2 (Class 3800).—The locomotives of this

type are used in freight service and all general data regarding them are shown in Fig. 110.

The total weight of these locomotives, without tender is 414,700 lb. Their rating

for center moment, in terms of Cooper loading, is E-S7.7 on the 22-ft. span. The tenders

with 20,000 gal. of water and 27 tons of coal weigh 375,700 lb.

These locomotives have an average reciprocating unbalance per side per ton of

locomotive weight in working order of 7.22 lb. and an average reciprocating compensa-

tion of 41 percent.

The drivers are all straight balanced with 275 lb. underbalance and 523 lb. out-of-

plane effect on the left main resulting in 590-lb. unbalanced weight on this driver. The

calculated hammer blow stress, based on the gross section at the center of the 22-ft.

span, at one revolution per second is 117 lb. per sq. in. for the left side and 69 lb. per

sq. in. for the right side.

North Western Locomotives

Steam Locomotive—Hudson Type 4-6-4 (Class E-4).—The locomotives of this type

are used in passenger service and all general data regarding them are shown in Fig. 111.

The total weight of these locomotives, without tender, is 412,000 lb. Their rating

for center moment, in terms of Cooper loading, is E-S4 on the 26-ft. girder span and

E^54.2 on the 32-ft. 6-in. span. The tenders with 20,000 gal. of water and 25 tons of

coal weigh 360,000 lb.

These locomotives have an average reciprocating unbalance per side per ton of

locomotive weight in working order of 5.96 lb. and an average reciprocating compensa-

tion of 38 percent.

The main drivers are crossbalanced while the front and rear drivers are straight

balanced. The calculated hammer blow stress, based on the gross section at the center of

the span, at one revolution per second is 73.9 lb. per sq. in. on the 26-ft. span and 67.2

lb. per sq. in. on the 32-ft. 6-in. span for both sides of the locomotive.

Steam Locomotive,—Northern Type 4-i8-4 (Class H).—The locomotives of this type

are used in freight service and all general data regarding them are shown in Fig. 112.

The total weight of these locomotives, without tender, is 498,000 lb. Their rating

for center moment, in terms of Cooper loading, is E-57 on the 26-ft. girder span and

E-61.6 on the 32-ft. 6-in. girder span. The tenders with 18,000 gal. of water and 20 tons

of coal weigh 319,980 lb.

These locomotives have an average reciprocating unbalance per side per ton of

locomotive weight in working order of 6.76 lb. and an average reciprocating compensa-

tion of 29 percent.

The main and intermediate drivers are crossbalanced while the front and rear

drivers are straight balanced. The calculated hammer blow stress, based on the gross

section at the center of the 26-ft. span is 56 lb. per sq. in. for the left side and 83.9 lb.

per sq. in. for the right side. The stress in the 32-ft. 6-in. span is 53.1 lb. per sq. in. for

the left side and 78.1 lb. per sq. in. for the right side.
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Illinois Central Locomotives

Diesel—Electric Locomotive—4,000 Up.—The locomotives of this type are used in

passenger service and all general data regarding them are shown in Fig. 113.

These locomotives consist of two 2,000 hp. units, each unit having two 3-axle trucks.

The total weight of each unit with tanks filled with fuel and water is 315,500 lb. Their

rating for center moment, in terms of Cooper loading, is E-39 on the 34-ft. beam span.

Steam Locomotive—Mountain Type 4^-2 (Class 2400).—The locomotives of this

type and class are used in passenger service and all general data regarding them are shown

in Figs. 114 and 115. The general data regarding all the locomotives of this class are the

same except for the counterbalancing of the main drivers.

All of the drivers of the locomotives shown in Fig. 114 are simple counterbalanced

with 3S-lb. underbalance and 392 lb. out-of-plane effect on the left main resulting in

394-lb. unbalanced weight on this driver. The calculated hammer blow stress, based on

the gross section at the center of the 34-ft. beam span, at one revolution per second is

55 lb. per sq. in. for the left side and 47 lb. per sq. in. for the right side.

The locomotives shown on Fig. 115 have their main drivers crossbalanced while the

front, intermediate and rear drivers are straight balanced. The calculated hammer blow

stress, based on the gross section at the center of the 34-ft. span, at one revolution per

second, is 62 lb. per sq. in. for the left side and 54 lb. per sq. in. for the right side.

The total weight of these locomotives, without tender, is 375,576 lb. Their rating

for center moment in terms of Cooper loading, is E-55.9 on the 34-ft. span. The tender

with 11,000 gal. of water and 18 tons of coal weigh 205,280 lb.

The straight balanced locomotives shown in Fig. 112 have an average reciprocating

unbalance per side per ton of locomotive weight in working order of 5.79 lb. and an

average reciprocating compensation of 46 percent. The cross counterbalanced locomotives

shown on Fig. 113 have an average reciprocating unbalance of 5.96 lb. and an average

reciprocating compensation of 45 percent.

Steam Locomotive—Mountain Type 4-^-2 (Class 2500).—The locomotives of this

type and class are used in freight service and all general data regarding them are shown

in Fig. 116.

The total weight of these locomotives, without tender, is 408,311 lb. Their rating

for center moment, in terms of Cooper loading, is E-64.6 on the 34-ft. span. The tenders

with 11,000 gal. of water and 24 tons of coal weigh 224,388 lb.

These locomotives have an average reciprocating unbalance per side per ton of

locomotive weight in working order of 6.64 lb. and an average reciprocating compensa-

tion of 42 percent.

The main and intermediate drivers are crossbalanced while the front and rear

drivers are straight balanced. The calculated hammer blow stress, based upon the gross

section at the center of the 34-ft. span, at one revolution per second is 65 lb. per sq. in.

on the left side and 62 lb. per sq. in. on the right side.

Steam Locomotive—Mountain Type 4-\8-2 (Class 2600).—The locomotives of this

class are used in freight service and all general data regarding them are shown in Fig. 117.

The total weight of these locomotives, without tender, is 423,893. Their rating for

center moment, in terms of Cooper loading, is E-67.8 on the 34-ft. beam span. The

tenders with 22,000 gal. of water and 26 tons of coal weigh 370,296 lb.

These locomotives have an average reciprocating unbalance per side per ton of

locomotive weight in working order of 6.63 lb, and an average reciprocating compensa-

tion of 40 percent.
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The main and intermediate drivers are crossbalanced while the front and rear

drivers are straight balanced. The calculated hammer blow stress, based upon the gross

section at the center of the 34-ft. span, at one revolution per second is 67 lb. per sq. in.

on the left side and 63 lb. per sq. in. on the right side.

6. Analysis of Field Records
Test Records

The test records taken on the Burlington, Santa Fe and North Western bridges

were photographed on oscillograph film six inches wide and five ft. long. An average of

six runs was made on one film. The records taken on the Illinois Central bridge were

photographed on sensitized paper 10 in. wide and 200 ft. long. The paper was cut at

the end of each day's testing and taken to the photographer for developing. Each film

or paper was marked with the name of the railroad, bridge number, date and run

number. The run number refers to the log of test runs which shows the engine number,

direction, type of train and all other necessaiy information regarding the test run.

Since it would have made this report too voluminous to include reproductions of

all the test film, only typical records are included as shown in Fig. ISI to 156, inclusive.

The films are now on file in the Engineering Division ofiices, AAR, Chicago, 111.

Reading of Records

For an analysis of the records it was first necessary to find the base lines repre-

senting zero stress. It should be pointed out that on the Illinois Central tests two or

three in. of record were taken before the locomotive reached the span, the record was

continued with the locomotive on the span and then after the locomotive and cars were

off of the span another two or three in. of record was taken (see Fig. 151). Base lines,

representing zero stress were then drawn from one side of the light trace for all 12 gages

connecting the two "no load" parts of the record. On the other tests, where the six-

element oscillograph was used, the film was started before the first axle reached the

approach end of the span so that the inch or two of light trace on the left (see Figs.

152-156 incl.), was taken without any load on the bridge and this part of the trace is

parallel to the timing line trace at the bottom of the film. On the typical 6-in. records

included in this report, the base lines were drawn from one side of the stress record on

the left parallel to the timing wave trace at the bottom. The remaining records were

read by placing the film over graph paper, keeping the lines on the graph paper parallel

to the timing wave trace. Light pencil lines were drawn on both the 10-in. and 6-in.

records indicating the upper and lower envelope curves through the peaks of the oscilla-

tions (see gage 1, Fig. 151). The mean stress curve was then indicated in pencil midway

between the upper and lower envelope curves. The mean stress curves for the slow loco-

motive speeds represent the static stress at the gage position for the different positions

of the locomotive as it passes over the span. Hence the maximum mean stresses for the

five m.p.h. runs were used in arriving at the recorded static stresses for the different

types of locomotives.

Stress Corrections

The center of gravity of the "air gap" on the magnetic strain gage being 0.44 in.

from the base, the strains were correspondingly recorded on a plane 0.44 in. from the

base. Assuming that the stress is proportional to the distance from the neutral axis, it

was necessary to decrease the stresses when the strain gage was on the outside of the

flange and increase the stresses when the gage was on the inside of the flange. For the
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22-ft. beam span on the Santa Fe, this correction amounted to 0.964 for the stresses

recorded by the gages on the lower flanges and 1.071 for the stresses recorded by the

gages on the upper flanges.

Tabulation of Stresses

The mean, semi-amplitude and maximum stresses were taken from the oscillograph

records and after making the proper corrections, were tabulated according to locomotive

classes and in order of speeds. Where there were more than one girder or beam per rail,

the stresses secured from the gages on the two or three girders or beams of the group

under each rail were averaged and the impact results in this report are based upon these

average values. For example, the 22-ft. Santa Fe ballasted timber deck span had three

beams per rail (see Fig. 55). Gages 1, 3 and 5 were on the beams of the south beam
group while gages 2, 4 and 6 were on the beams of the north beam group. The impacts,

as found in this bridge, are based on the average of the mean, semi-amplitude and

maximum stresses in the beam groups under each rail.

The tables containing all the data taken from the film and entitled "Tabulation of

Stresses" and "Analysis of Strain Gage Readings" are similar to the tables included in

the report on the Chester bridge tests, see Proceedings, Vol. 42, 1941. The above-mentioned

tables are on file in the Engineering Division offices, AAR.

7. Impact and Other Effects As Found From the Test Data

The data, as taken from the oscillograph records and summarized in the previously

mentioned tables, were analyzed for the particular purpose of segregating and determin-

ing the magnitude of the various dynamic and other effects of the moving load. The

results of this study are as follows:

Static Stresses

The recorded static stresses at the center of the span for the various locomotive

classes were determined in the following manner:

(1) The maximum mean stresses under several slow speed runs of the same locomo-

tive class, usually three or four runs at approximately five m.p.h., were averaged to

secure the recorded static stress in the span.

(2) The recorded static stress in the span for each locomotive class was then cor-

rected for the effect of the track eccentricity to arrive at the recorded static stress in

the girder or beam group under each rail.

The stresses at the center of the span under the various locomotive classes were

calculated, using the gross moment of inertia, for comparison with the recorded static

stresses. As previously pointed out in the report on the Diesel locomotives on these

spans. Proceedings, Vol. 44, 1943, there was considerable variation between the calculated

static stresses and the recorded static stresses, especially in the bridges having the bal-

lasted decks. The comparison of recorded and calculated static stresses and the stress

factors, or the ratio of the recorded to the calculated stresses, are shown in Table I. It

should be pointed out that on the Burlington bridges where the static stresses are quite

low, a small stress variation between the recorded and calculated static stresses makes
an appreciable percentage variation.

A comparison of the recorded top and bottom flange stresses under the locomotives

at slow speeds is shown in Table II. It should be pointed out that the stresses shown
in this table for the Santa Fe and North Western bridges, are not the recorded static

stresses in the girder or beam group under the rail, but are the simultaneous top and

bottom flange stresses for one girder or beam under each rail. It can be seen from Table

II that there is fairly good agreement between the top and bottom flange stresses. Since
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TABLE I

COMPARISON OF HBCORDED AWD CALCULATED LOWER FLANGE STATIC STRESSES
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the compressive stresses in the top flange are not greater than the tensile stresses in the

lower flange it would appear that there was sufficient freedom of movement of the bear-

ings to keep the span from acting as an arch. Also, if the deck and rail were acting as

part of the compressive flange, then the compressive stresses in the upper flange should

be lower than the bottom flange stresses.

The reason for the variation between the recorded and the calculated static stresses

has not been definitely determined but experience with locomotive scales has proven that

there is a redistribution of the locomotive axle loads when the axles change elevations

relative to each other. As the span deflects under live load, the center axles become lower

than the end axles; consequently part of the load on these axles may be transferred

forward and backward to the end axles. Undoubtedly the low recorded static stresses

are also due to the longitudinal distribution of the wheel loads, especially for the bridges

having ballasted decks. It has been proved by rail stress measurements that the rail acts

as a continuous beam on an elastic support. This continuous action of the rail would

result in a more nearly uniform load on top of the girders or beams.

Burlington Bridges

30-Ft. Deck Girder Span—Open Timber Deck.—Differing from the general trend

there is fair agreement between the recorded and calculated static stresses on this span,

the recorded stress for the Mikado-type 2-8-2 being 8 percent greater than the calculated

stress while the recorded static stress for the Texas type 2-1Q-4 is 5 percent lower than

the calculated stress. The average recorded static stress for all five locomotive classes is

1 percent greater than the calculated stress. It should be kept in mind that this span,

which has a carrying capacity of E>-111.2 is very stiff, resulting in a very small center

live load deflection, consequently, the tendency for any transfer of axle loads due to a

drop in the center axles would be slight.

24-Ft. Deck Girder Span—Ballasted Timber Deck.—There is an appreciable varia-

tion between the recorded and calculated static stresses on this span, the recorded stress

for the Texas type 2-10-4 being 7 percent lower than the calculated stress while the

recorded stress for the 4,000 hp. Diesel is 27 percent lower than the calculated stress.

The average recorded stress is 17 percent lower than the calculated stress.

This is another very stiff span with a carrying capacity of E-103.0 so that any

tendency for a transfer of axle loads due to center live load deflection is very remote.

Since the span has a ballasted deck part or all of this difference could be accounted for

by considering that the track structure distributes the wheel loads to provide a uniform

load on top of the girders.

Santa Fe Bridges

20-Ft. Beam Span—Open Timber Deck.—The recorded static stress for the 1,800 hp.

Diesel is 10 percent lower than the calculated stress on this span while the recorded stress

for the Mikado type 2-8-2 is 17 percent lower. The average recorded stress is 14 percent

lower than the calculated stress.

This span being quite flexible with considerable center live load deflection, it would

appear reasonable to expect some redistribution of the axle loads.

22-Ft. Beam Span—Ballasted Timber Deck.—^The difference between the recorded

and calculated static stresses is quite large on this span, the recorded stress for one of the

Santa Fe type 2-10-2 being 33 percent lower than the calculated stress, while another

Santa Fe type of a different class was 24 percent lower than the calculated stress. The

average recorded stress is 29 percent lower than the calculated.
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The ballasted deck on this span would tend to produce a uniform load on top of

the beams while the center Uve load deflection would have some effect on the axle weights.

North Western Bridges

26-Ft. Deck Girder Span—Open Timber Deck.—The variation between the recorded

and calculated static stresses in this span is a little greater than would be expected, the

recorded stress for the 2,400 hp. Diesel being 17 percent lower than the calculated stress

while the recorded stress for the Hudson type 4-6-4 is 20 percent lower than the cal-

culated. The average recorded stress is 19 percent lower than the calculated.

The static stresses are apparently affected by both the redistribution of the axle

loads and a uniform loading condition of the axle loads on top of the steel.

32-Ft. 6-In. Deck Girder Span—Ballasted Concrete Deck.—The variation between

the recorded and calculated stresses is not quite as large as that found in the Santa Fe

ballasted deck bridge but it is still apparent that there is some redistribution of the axle

loads as well as a uniform loading condition on top of the steel.

The recorded static stress for the 2,400 hp. Diesel is 11 percent below the calculated

stress while the recorded stress for the Northern type 4-8-4 is 25 percent below the cal-

culated. The average recorded stress is IS percent below the calculated.

Illinois Central Bridge

34-Ft. Beam Span—Open Timber Deck.—The variation between the recorded static

stresses and the calculated static stresses in this span is about the same as that found in

the Santa Fe open deck span, the recorded stress for one of the Mountain type 4-8-2 is

11 percent below the calculated stress while the recorded stress for another Mountain

type, but of a different class, is IS percent. The average recorded stress is 13 percent

lower than the calculated stress.

It would appear reasonable to expect some redistribution of the axle loads due to

the Uve load deflection and this would account for the variation between the static

stresses in this span.

Track and Hammer Blow Effect

An important source of vertical oscillations in a railroad bridge is the periociic dis-

turbing force of the resultant unbalanced weights in the driving wheels of the steam

locomotives. This disturbing force, or hammer blow, is due to the centrifugal force of

these unbalanced weights. In these tests under the steam locomotives, as well as in pre-

vious tests, the recorded dynamic effects are due to the combined track effect and hammer

blow effect. It is quite possible that in some cases the condition of the track would tend

to counteract the oscillations due to the hammer blow. On the other hand, the oscilla-

tions due to the track conciition might be additive to the oscillations caused by the

hammer blow.

Short spans, such as these test spans, usually have natural loaded frequencies of

vibration so high that synchronism between the revolving locomotive drivers and the

span cannot occur and if synchronism should occur, it is of such a short duration that

very Uttle if any magnification of the disturbing force can take place. The calculated

natural period of vibrations for all the test spans under the test locomotives and the

maximum speeds attained by the steam locomotives in these tests are shown in Table V.

It can be seen that in these tests the actual speeds are below the natural period of vibra-

tion of the span.

Since synchronism did not occur between the revolving locomotive drivers and the

test spans, and it was possible to have only one application of the hammer blow in the
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center portion of the span, the maximum effect of the centrifugal force of the unbal-

anced weights in the drivers would be the same as if this force was applied statically

on the span.

As previously mentioned, high speed moving pictures were taken of the drivers as

the steam locomotives crossed over the span. By inspecting the individual frames of the

movie film the exact angular position of the crank pins on the drivers was determined

when the drivers were in position to produce maximum bending moment in the span.

The effect of the counterbalance position of the Northern type 4*-8-4 locomotive on

the stresses in the Santa Fe ballasted deck span is shown in Fig. 201. The effect of the

counterbalance position of the Mountain type 4-8-2, classes 2400 and 2500, on the

stresses in the Illinois Central open deck span are shown in Figs. 202 and 203. In the

upper diagrams of these figures the semi-amplitudes of stress, which is the stress due to

the combined centrifugal force of the unbalanced weights in the drivers and of the track

effect, are plotted as ordinates and the angles of the crank pins when the locomotive

was in position for maximum bending moment are plotted as abscissa for several runs

at the highest speeds attained. In the lower diagrams the maximum recorded stresses

are plotted as ordinates and the angle of the crank pins are again plotted as abscissa

for the same runs as those in the upper diagrams.

The calculated effect on the span of the centrifugal force of the unbalanced weights

in the drivers is a maximum when the resultant of these weights is down but it would

appear from Figs. 201, 202 and 203 the measured impact effect is about the same for all

angular positions of the crank pin.

As previously mentioned, the semi-amplitudes of stress, taken from the oscillograph

records and tabulated in the previously mentioned tables, are due to the combined track

and hammer blow effect. In arriving at the track effect stresses for the steam locomotives

on these spans the calculated hammer blow stress acting statically at the center of the

span was subtracted from the semi-amplitude of stress. The resulting track effect stress

is due to rail joints, track irregularities or wheel irregularities caused by flat spots,

eccentric mountings or out-of-round perimeter.

Combined Track and Hammer Blow Stresses

The combined track and hammer blow stresses, as found from the tests on these

spans under the various steam locomotives, are shown on the upper diagrams of Figs.

204 to 236 incl. In addition, the average static hammer blow stress curves, /n.s.iV^, are

also shown on the upper diagrams. These static hammer blow stress curves are shown

for comparative purposes only and are indicated by the solid curved lines. These curves

are the average of the calculated stresses in the two girder or beam groups and are cor-

rected by the stress factor as found by the ratio between measured and calculated

stresses for static loading for each locomotive class and shown in Table I.

The track effect stresses shown in the center diagrams were determined by sub-

tracting the calculated hammer blow stresses in each girder or beam group from the

semi-amplitudes of stress as recorded in each group. For example, the maximum re-

corded semi-amplitude of stress under the Hudson type 4-6-4 locomotive on the 30-ft.

open deck girder span of the Burlington occurred under the battered rail joint in the

south girder. This semi-amplitude of stress or track and hammer blow effect amounted

to 2.89 kips per sq. in. as shown in the upper diagram of Fig. 204 and occurred at a

locomotive speed of 39 m.p.h. or 2.80 revolutions per second. The hammer blow stress

in the south girder under this locomotive at 2.80 revolutions per second which is sub-

tracted from the semi-amplitude of stress is as follows:
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fu.B.N^, = 0.0109 X 0.982 X 101 X 2.8tf= = 0.08 kips per sq. in.

where (1) 0.0109 is the average calculated hammer blow stress in the span at one

revolution per second in kips per sq. in.

(2) 0.982 is the reduction factor due to the track eccentricity.

(3) 1.01 is the stress factor shown in Table I for this locomotive.

(4) 2.80 is the locomotive speed in revolutions per second.

The track effect stress is then equal to 2.81 kips per sq. in. as shown in the middle

diagram of Fig. 204.

The values plotted on the lower diagrams of Figs. 204 to 236 incl., are the calculated

concentrated loads which would produce the track effect stress shown in the center

diagrams. For example, the track effect stress in the 30-ft. open deck girder span of the

Burlington under the Hudson type 4-6-4 locomotive was found to be 2.81 kips per sq. in.

The calculated concentrated load to produce a stress of 2.81 kips per sq. in. is 55.2 kips

as shown in the lower diagram of Fig. 204.

A summary of the track effect stresses and concentrated loads to produce these

stresses for all the locomotives, including the Diesels, is shown for each span in the

diagrams following the diagrams for track and hammer blow effects for the individual

locomotives. For example, the diagrams in Figs. 204 to 206 incl., show the track and

hammer blow effects for the three steam locomotives on the 30-ft. open deck girder span

of the Burlington. A summary of the track effects for all three classes of steam locomo-

tives and the two classes of Diesel locomotives with a battered rail joint over the girder

is then shown in Fig. 207. A summary of the track effects for all the locomotives without

a battered rail joint over the girder is shown in Fig. 208.

On all the diagrams of the summary of track effects, envelope curves have been

drawn to enclose the majority of the maximum values for both the steam and Diesel

locomotives. These envelope curves are called the "Apparent Track Effects" and it can

be seen that, with the battered rail joint, there is a comparatively low critical speed for

each bridge, except the 22 ft. ballasted deck beam span on the Santa Fe, where the track

effect stresses are a maximum, and then become smaller as the speed increases. In gen-

eral, the track effect stresses are greater than the stresses calculated by the AREA precise

rating rules.

It should be noted that the concentrated loads which would produce the track effect

stresses, are greater for the stiff spans of the Burlington than for those which are more

flexible.

The apparent value of the concentrated load called F for each span and the maxi-

mum value of the concentrated load for each locomotive class are plotted as ordinates

in the diagrams of Figs. 237 and 238 while the stiffness of the span! -t^ I in inches cubed

is shown as abscissa.

It can be seen that on the open deck spans. Fig. 237, the concentrated load F on the

very stiff BurUngton bridge was appreciably greater than for those which are more

flexible. However there does not appear to be any definite relation between the span

stiffness and the concentrated load F. On the ballasted deck spans, Fig. 238, the values

of the concentrated loads F for the stiff Burlington bridge are above the values for the

more flexible spans except for one value on the North Western.

A value for the concentrated load F, which includes the majority of the recorded

values on the more flexible spans, is shown on the four diagrams of Figs. 237 and 238.

It does not appear logical to include in these values the results of the tests on the

Burlington bridges as these spans have a carrying capacity far above that generally used

in present day design. (text continued on page 294)
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(text continued from page 255)

The values for the concentrated loads F on spans designed for a loading not greater

than Cooper E-72 are as follows.

For Open Deck Bridges

Battered Rail Joint on Span F = 22.0 kips

No Battered Rail Joint on Span f = 16.0 kips

For Ballasted Deck Bridges

Battered Rail Joint on Span F = 18.0 kips

No Battered Rail Joint on Span F = 12.0 kips

It should be pointed out that these values have been changed from the proposed

values shown in the Proceedings, Vol. 44, 1943.

Speed Effect

In taking off and recording the mean stresses, it soon became evident that these

stresses increased with speed over those found at the slow speed runs. This increase in

the mean stresses has been called "Speed Effect" in all the previous tests. This increase

in the mean stresses over those secured at the slow speeds and called speed effects, in

percent of the recorded static stresses, is shown in the upper diagrams of Figs. 251 to

276 incl.

A summary of the speed effects for all the locomotives, including the Diesel locomo-

tives, is shown for each span in the diagrams following the speed effects for the indi-

vidual locomotives. For example, the upper diagrams in Fig. 251 to 253 incl., show the

speed effects for the three steam locomotives on the 30-ft. deck girder span of the Bur-

lington. A summary of the speed effects for all three classes of steam locomotives and

two classes of Diesel locomotives is then shown in the upper diagram of Fig. 254.

On all the diagrams of the summary of speed effects, envelope curves have been

drawn to enclose the majority of the maximum values for both the steam and Diesel

locomotives. These envelope curves have been called "Apparent Speed Effects" and it

can be seen that these effects increase with speed up to some critical speed and then

decrease with a further increase with speed. In general, the speed effects for the steam

locomotives are greater than those recorded under the Diesel locomotives.

The apparent values of the speed effects for each span and the maximum recorded

lvalues for each locomotive class on the span are plotted as ordinates in the upper

diagrams of Figs. 277 to 280 incl., while the length of the span, center to center of bear-

ings, is shown as abscissa. There does not appear to be any definite relation on the spans

tested between the recorded speed effects and the length of span.

On the open deck span (see Figs. 277 and 278), a value of 25 percent of the recorded

static stress for the Diesel locomotives and 35 percent of the recorded static stress for

the steam locomotives would include all the apparent values and the majority of the

recorded values for the speed eft'ect. On the ballasted deck spans (see Figs. 279 and 280),

a value of 35 percent of the recorded static stress for the Diesel locomotives and 40 per-

cent of the recorded static stress for the steam locomotives would include all the apparent

values and the majority of the recorded values for the speed effect.

Roll Effect

An increased mean stress in one girder or beam group with a corresponding decrease

in mean stress in the other group is undoubtedly due to the spring-borne weight of the

locomotive oscillating about a longitudinal axis. The rolling action is probably set up,

not only by track inequalities, but also by the locomotive weaving or nosing from side

to side. The period of this roll is presumably sinusoidal in time but the spans tested

(text continued on Page 325)
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(te.xl continued from page 294)

were too short to obtain any idea as to its frequency. This increase in the mean stress

in one girder or beam group is called "Roll Effect" and the increase, in percent of the

recorded static stress, is shown in the lower diagrams of Figs. 251 to 276 incl.

A summary of the roll effects for all the locomotives, including the Diesel locomo-

tives, is shown for each span in the diagram following the roll effects for the individual

locomotives. For example, the lower diagrams in Figs. 251 to 253 incl., show the roll

effects for the three steam locomotives on the 30-ft. deck girder span of the Burlington.

.\ summar\' of the roll effects for all three classes of steam locomotives and the two

classes of Diesel locomotives is then shown in the lower diagram of Fig. 254.

On all the diagrams of the summary of roll effects, envelope curves have been

drawn to enclose the majority of the maximum values for both the steam and Diesel

locomotives. These envelope curves have been called "Apparent Roll Effects" and it can

be seen that these effects increase with speed up to some critical speed and then decrease

with a further increase in speed. In general, the roll effects for the steam locomotives

are greater than those recorded under the Diesel locomotives.

The apparent values of the roll effects for each span and the maximum values of

the roll effects for each locomotive class on the span are plotted as ordinates in the lower

diagrams of Figs. 277 to 2S0 incl., while the length of the span, center to center of bear-

ings, is shown as absci.ssa. There does not appear to be any definite relation on the.se

short spans between the recorded roll effects and the length of span.

On the open deck span (see Figs. 277 and 278), a value of 17 percent of the recorded

static stress for the Diesel locomotives and 23 percent of the recorded static stress for

the steam locomotives would include all the apparent values for the roll effect. On the

ballasted deck spans (see Figs. 279 and 280), a value of 17 percent of the recorded static

stress for the Diesel locomotives and 19 percent for the steam locomotives would include

all the apparent values and all but a very few of the recorded values for the roll effect.

Total Impacts

The increase in the maximum stress over the static stress is called "Total Impact"

and is due to a combination of (1) track and hammer blow effect; (2) speed effect; and

(3) roll effect, as found for any particular run.

The total impact stresses are plotted in the upper diagrams of Figs. 301 to 333 incl.

while the total impacts, in percentage of the recorded static stresses, are shown in the

lower diagrams. These diagrams also show the amount of impact computed by the AREA
design specification and the AREA precise rating rules.

A compari-son of the recorded maximum stresses in the girder or beam group and

the calculated static stresses based upon concentrated wheel loads is shown in Table III.

The recorded maximum stress and the percent increase over the calculated static stress

for each locomotive are shown in columns 6 and 7. The average of the three greatest

maximum stresses and the percent increase over the calculated static stress for each loco-

motive is shown in columns 8 and 9.

A comparison of the recorded highest stresses in any one girder or beam of the

group under the rail and the calculated static stresses based upon concentrated wheel

loads is shown in Table I\^ The recorded highest stress for each locomotive is shown

in columns 6 and 7. The average of the three greatest recorded stresses and the percent

increase over the calculated static stress for each locomotive is shown in columns 8 and 0.

A summary of the total impacts, with and without a battered rail joint on the span,

for all Diesel and steam locomotives is shown for each span in the diagrams following

the total imparts for the individual locomotives. Envelope curves have been drawn on

(text continued on page 360)
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TABLE III

COUFABISON OF RECORDED UAXIUDll STRESSES PER RAIL AND CALCUUTSD STATIC STRESSES

(Maximum stresses are the average stresses secured In tbe beam gi^up under each rail.)
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all the summary diagrams to enclose the majority of the maximum values for both the

steam and Diesel locomotives. These envelope curves are called "Apparent Total Impacts".

The total impacts in the individual spans will now be briefly discussed:

Burlington Bridge Tests

30-ft. Deck Girder Span—Open Timber Deck.—^The total impacts for the three steam

locomotives are shown in Figs. 301 to 303 incl. The total impacts under the Diesel loco-

motives can be found in the Proceedings, Vol. 44, 1943. The summary of the total impacts

with a battered rail joint over the girders is shown in Fig. 304. The summary of the

total impacts without the battered rail joint is shown in Fig. 305.

The total impacts under all three steam locomotives exceeded the AREA precise

rating rules by a considerable amount (see Figs. 301 to 303 incl.), but the excess can be

ascribed to the speed effect which is not now provided for in the specifications for design

or rating rules.

It will be seen that with the battered rail joint over the girders (see Fig. 304), the

total recorded impact percentages under the Diesel locomotives were greater than those

under the steam locomotives. The impacts under both the Diesel and steam locomotives

attained a maximum at about 30 m.p.h. and 40 m.p.h. respectively, and then decreased

very rapidly with a further increase in speed. The total impacts without the battered

rail joint over the girder were appreciably smaller than those secured with the battered

rail joint (see Fig. 305).

24-Ft. Deck Girder Span—Ballasted Timber Deck.—-The total impacts for the three

steam locomotives are shown in Figs. 306 to 308 incl. The total impacts under the Diesel

locomotives can be found in the Proceedings, Vol. 44, 1943. The summary of the total

impacts with and without a battered rail joint is shown in Figs. 309 and 310.

The total impacts under all three steam locomotives exceed the AREA precise rating

rules (see Figs. 306 to 308 incl.), but are considerably below the AREA design impact.

The maximum apparent impact percentage under the Diesel locomotives with a

battered rail joint over the girder attained at a speed of 15 or 20 m.p.h., is slightly

greater than the maximum apparent impact percentage under the steam locomotives at a

speed of 50 or 60 m.p.h. (see Fig. 309). The impacts under both the Diesel and steam

locomotives attained a maximum at the above speeds and then decreased very rapidly

with a further increase in speed. The impacts without the battered rail joint over the

girder are appreciably smaller under the Diesel but only about 12 percent smaller under

the steam locomotives (sec Fig. 310).

Santa Fe Bridge Tests

20-Ft. Beam Span—Open Timber Deck.—The total impacts for the two steam

locomotives are shown in Figs. 311 and 312. The total impacts under the Diesel loco-

motives can be found in the Proceedings, Vol. 44, 1943. The summary of the total impacts

with the battered rail joint and with rubber pads over the beams is shown in Fig. 313.

The summary of the total impacts without the battered rail joint or rubber pads is

shown in Fig. 314.

The total impacts for the steam locomotive exceed slightly the AREA precise rating

rules (see Figs. 311 and 312), but are considerably below the AREA design impact.

The maximum apparent impact percentage, with a battered rail joint over the beams,

under the Diesel locomotives is only slightly below that recorded under the steam loco-

motives (see Fig. 313). The impacts under both the Diesel and steam locomotives attained

a maximum at 40 to SO m.p.h., and then decreased with a further increase in speed.
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There was no significant decrease in the total impacts secured by the use of the rubber

pads (see Fig. 313). The impacts without the battered rail joint over the beams were

considerably less under the Diesel locomotives but only about six percent less under the

steam locomotives.

22-Ft. Beam Span—Ballasted Timber Deck.—The total impacts for the three steam

locomotives are shown in Figs. 315 to 317 incl. The total impacts under the Diesel loco-

motives can be found in the Proceedings, V'ol. 44, 1943. The summary of the total impacts

with a battered rail joint and rubber pads over the beams is shown in Fig. 318. The total

impact without a battered rail joint or rubber pads over the beams is shown in Fig. 319.

The total impact percentages for the steam locomotives exceed slightly the AREA
precise rating rules (see Figs. 315 to 317 incl), but the total impact stress is below the

rating rules allowance. The total impacts are considerably below the AREA design im-

pact. It should be pointed out that the total impacts under the locomotive class 3765

with the 320 lb. resultant weight producing dynamic augment on the main driver are

greater than the total impacts under the locomotive class 3776 with 150 lb. resultant

weight.

The maximum apparent impact percentage under the Diesel locomotives, with and

without a battered rail joint over the beams is considerably below that recorded under

the steam locomotives (see Figs. 318 and 319). The impacts under both the Diesel and

steam locomotives attained a maximum at a comparative high speed of 70 to 80 m.p.h.,

but decreased with a further increase in speed. There was no significant decrease in the

total impacts secured by the use of the rubber pads (see Fig. 318). The maximum
apparent impact percentage without the battered rail joint over the beams is about half

that recorded with the battered rail joint for the Diesel locomotives but is only 14 per-

cent smaller for the steam locomotives.

North Western Bridges

26-Ft. Girder Span—Open Timber Deck.—The total impacts for the two steam

locomotives are shown in Figs. 320 and 321. The total impacts under the Diesel loco-

motives can be found in the Proceedings, Vol. 44, 1943. The summary of the total im-

pacts with the battered rail joint over the girders is shown in Fig. 322 while the total

impacts without the battered joint are shown in Fig. 323.

The total impact percentages under the Class E-4 locomotives are only slightly above

the AREA precise rating rules (see Fig. 320), but under the class H locomotives, they

are appreciably greater than the rating rules (see Fig. 321). The total impacts for both

classes are considerably below the AREA design impact.

The maximum apparent impact percentage under the Diesel locomotives, with a

battered rail joint over the beams, is only slightly below that recorded under the steam

locomotives (see Fig. 322). The impacts under both the Diesel and steam locomotives

attained a maximum at 30 to 40 m.p.h., and then decreased with a further increase in

speed. The maximum apparent impact percentage under the Diesel locomotives is only

slightly below the AREA design.

The maximum apparent impact percentage without the battered rail joint over the

girders is smaller under the Diesel locomotives than that recorded with the battered rail

joint but the apparent impact under the steam locomotives is larger than that recorded

with the batUred rail joint.

The maximum apparent impact percentages, with and without the battered rail

joint, are appreciably smaller for the .^team locomotives than the AREA design impact.

32-r't. 6-In. Girder Span—Ballasted Concrete Deck.—The total impacts for the two

steam locomotives are shown in Figs. 324 and 325. The total impacts under the Diesel
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locomotives can be found in the Proceedings, Vol. 44, 1943. The summary of the total

impact.s with and without the battered rail joint over the girders is shown in Figs. 326

and 327.

The total impacts under the class E-4 locomotives are only slightly above the AREA
precise rating rules (see Fig. 324), but under the class H locomotives they are appre-

ciably greater than the rating rules; the total impacts for both classes are considerably

below the AREA design impact.

The impacts recorded with the battered rail joint over the girder attained a max-

imum at 40 or SO m.p.h. for both the Diesel and steam locomotives and then decreased

with a further increase in speed. The maximum apparent impact percentage under the

Diesel locomotives is slightly below the AREA design impact and considerably below

that recorded for the steam locomotives.

The maximum apparent impact percentage for the Diesel locomotives without the

battered rail joint over the girders, is only about half that recorded with the battered

joint while the maximum apparent impact for the steam locomotives is only five percent

smaller than that recorded with the battered joint.

The maximum apparent impact percentages, with and without the battered rail

joint over the girders, are appreciably smaller for the steam locomotives than the AREA
design impact.

Illinois Central Bridge

34-Ft. Beam Span—Open Timber Deck.—The total impacts for the Diesel locomo-

tives are shown in Fig. 328. The total impacts for the three steam locomotive classes are

shown in Figs. 329 to 331 incl. The summary of the total impact with and without the

batter rail joint over the beams is shown in Figs. 332 and 333.

The total impacts under the Diesel locomotives exceed sUghtly the AREA design

impact and are appreciably above the AREA precise rating rules impact (see Fig. 328)

.

The total impacts for all three steam locomotive classes are sHghtly above the AREA
precise rating rules impact but considerably below the AREA design impact.

The apparent impacts recorded with the battered rail joint over the beams attained

a maximum at about 40 m.p.h. for the Diesel locomotives and about SO to 60 m.p.h. for

the steam locomotives. The maximum apparent impacts for both Diesel and steam loco-

motives then decreased with a further increase in speed.

The maximum apparent impact percentage for the Diesel locomotives, without the

battered rail joint over the beams, is only about half that recorded with the battered

rail joint while the apparent impact for the steam locomotives is only 13 percent smaller

than that recorded with the battered joint.

Total Impact Summary
The value of the apparent total impact for each span and the maximum recorded

value of the total impact for each locomotive class are plotted as ordinates in the dia-

grams of Figs. 334 to 337 incl., while the length of the span, center to center of bearings,

is shown as abscissa. These diagrams also show the amount of impact computed by the

AREA design specification and it can be seen that there is a greater variation between

the calculated and recorded total impacts for the steam locomotives than for the Diesel

locomotives. The maximum apparent impact effects are also shown in Table VI.

In order to summarize the recorded total impacts with respect to speed, the max-

imum impact values recorded at the various speeds in each of the four open deck spans

are shown in Fig. 338 while the maximum values of the total impacts in each of the

three ballasted deck spans are shown in Fig. 339. Envelope curves have been drawn on

these summary diagrams to enclose the majority of the values for both the steam and

(text continued on page 370)
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Diesel locomoti\es, except the values recorded in the Burlington spans. It did not appear

desirable to include the total impact values secured in the BurUngton tests as these spans

have a carrying capacity far above that generally used in present day design.

On the open deck spans (see Figs. 334, 335 and 338), a value of 75 percent of the

recorded static stress for the total impact effect for the steam locomotives would include

all the apparent values and all but one of the recorded values. A value of 50 percent of

the recorded static stress for the total impact effect for the Diesel locomotives would

include all the recorded and apparent values except those recorded in the Burlington

span. The envelope curves shown on the diagrams of Fig. 338 by the dashed lines and

called "Apparent Total Impacts" indicate the total impact in these short spans at any

speed. The solid lines shown on Fig. 338 for the Diesel and steam locomotives enclose

impact percentages which would appear ample for the design of new bridges or the rating

of existing bridges at the speeds shown. For example, the soHd line for the steam loco-

motives indicates an impact percentage of 30 percent for a speed of 10 m.p.h. or under.

For a speed of 50 m.p.h. or over, an impact percentage of 75 percent is indicated with

a straight line variation between 10 m.p.h. and 50 m.p.h.

On the ballasted deck spans (see Figs. 336, 337 and 339), a value of 75 percent of

the static stress for the total impact effect for the steam locomotives would include all

the recorded and apparent values. A value of 50 percent of the static stress for the total

impact effect for the Diesel locomotives would include all the recorded and apparent

values except those recorded in the Burlington span. The "Apparent Total Impact" curves

shown on the diagrams of Fig. 339 by the dashed lines indicate the impact in these short

spans at any speed. The solid lines shown on Fig. 339 for the Diesel and steam locomo-

tives enclose impact percentages which would appear ample for the design of new bridges

or the rating of existing bridges at the speeds shown. For example, the solid line for the

steam locomotives indicates an impact percentage of 30 percent for a speed of 10 m.p.h.

or under. For a speed of 50 m.p.h. or over, an impact percentage of 75 percent is indi-

cated with a straight line variation between 10 m.p.h. and SO m.p.h.

Recorded Maximum Stresses

The maximum live load plus impact stress recorded in the girder or beam group for

each test run is plotted in the diagrams of Figs. 351 to 376 incl.

A summary of the recorded maximum stresses for all the locomotives, including the

Diesel locomotives, is shown for each span in the diagram following the recorded max-

imum stress diagrams for the individual locomotives. For example, the diagrams in Figs.

351 to 353 incl., show the recorded maximum stresses for the three steam locomotives

on the 30-ft. open deck girder span of the Burlington. A summary of the recorded max-

imum stresses with and without a battered rail joint over the girder for all three classes

of steam locomotives and the two classes of Diesel locomotives is shown in Fig. 354. It

appears from these summary diagrams that, in general, the stresses are a maximum at

about 50 m.p.h., and then become smaller as the speed is further increased.

The total calculated live load plus impact stress, using both the design and rating

rules impacts, is shown on the diagrams for the individual locomotives as well as the

recorded and calculated static live load stresses. It will be seen from these diagrams that

in all of the bridges the recorded maximum stresses were appreciably lower than the live

load plus impact stresses calculated by the AREA design impact and, with the exception

of the very stiff bridges on the Burlington, the live load plus impact stress was generally

lower than that calculated using the rating rules impact. It should be pointed out that

(text continued on page 397)
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(text continued from page 370)
the total calculated stresses are based upon the full calculated live load static stresses

while, actually, the recorded static stresses are appreciably lower, except in the Burlington

open deck bridge.

Frequency of Maximum Stresses

As previously mentioned, all of the readings were secured under regular trains;

thus the range of the maximum recorded stresses shown on the diagrams in Figs. 351

to 376 incl. actually indicates the frequency of occurrence of the maximum stresses on

the bridges tested.

The frequency of the maximum stresses for all the bridges tested is shown by the

tables and diagrams in Figs. 401 to 407 incl. The data shown under "Locomotives-

Rating and Calculated Stresses" in these figures show the ratings of the test locomotive

at the present AREA design and impact stresses, as well as the calculated stresses in the

steel under these locomotives.

The data shown under "Stress Range Distribution" in Figs. 401 to 407 incl., are

taken from the diagrams of recorded maximum stresses and indicate the number of

stresses at any one stress range which were recorded for the corresponding spans. For

example, the data on the frequency of maximum stresses in the 30 ft. open deck girder

span shown in Fig. 401 are based upon the recorded maximum stresses shown in Figs.

351 to 354 incl. It can be seen from Fig. 353 that for the Texas type 2-10-4 locomotive.

Class M—4A, there were only two recorded stresses in this bridge in the stress range of

8.0 to 9.0 kips per sq. in. and these data are shown in the table of Fig. 401. For the

stress range of 7.0 to 8.0 kips per sq. in., there were 11 recordings of this magnitude

which arc also shown in the same table. Since there was a total of 50 readings for this

locomotive class, the two readings recorded in the stress range of 8.0 to 9.0 kips per

sq. in. constitute only 4.0 percent of the total. This percentage is shown under the "Per-

cent of Total Readings" in Fig. 401. There was a total of 212 readings on this span for

all the locomotives so that the two readings in the 8.0 to 9.0 stress range under the

M-4A class locomotive constitute 1.0 percent of the total number of readings.

The data tabulated in the last column of the "Stress Range Distribution" table of

Figs. 401 to 407 incl., are shown graphically in the lower part of these figures together

with the calculated stresses based upon the AREA design impact.

The stresses under the locomotive, tender, and all of the cars were secured under

several trains on the Illinois Central bridge. The maximum stresses under the cars were

only about 40 percent of the maximum stresses under the locomotive. It is apparent from

the typical strain records (Figs. 151 to 156 incl.), that the stresses under the tenders are

appreciably lower than the stresses under the locomotives.

Variation of Stresses Between Beams

The impact data shown in this report, as previously explained, are based upon the

average stress in the girder or beam group under each rail. The variation of stresses

between the girders or beams of the group under each rail is not an item to be con-

sidered under the impact allowance, but it is one of the factors that should be consid-

ered in the design or rating of short span bridges.

The recorded maximum stresses in the individual girders or beams of the group

under each rail for 4 runs are plotted in the upper diagrams of Figs. 451 to 474 incl.,

while the percent variation of stress in any one beam or girder from the average in the

group is shown in the lower diagrams. The four runs selected covered the complete range

of speeds and were the runs that gave the greatest variation between the beams or girders.

(text continued on page 429)
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CLASS 2600
CLASS 2500
CLASS 2400

DIESEL 4000 HP
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64.6

55.9

39.0
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13,890

6,940

DEAD LOAD STRESS - 740 LB. PER SO. INCH
BRIDGE RATED E-69.5 AT 18,000 LB. PER SO. INCH

STRESS RANGE DISTRIBUTION
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(text continued from page 397)

A summary of the variation of stresses between the beams or girders of the group

under each rail, with and without the battered rail joint, under both the Diesel and

steam locomotives is shown for each span in the diagrams following those for the indi-

vidual locomotives. For example, the diagrams in Figs. 451 to 453 incl. show the varia-

tion of stress in the beams of the 20-ft. open deck span of the Santa Fe for the Diesel

locomotive and the two steam locomotives. A summary of the variation of stress between

these beams for all the locomotives and all the runs is then shown in Fig. 454.

It is apparent from these summary diagrams that the variation of stress between

the beams or girders of the group is not a function of the .speed, as the percentage of

variation is about the same for the slow speed runs as that recorded for the high speeds.

As previously explained in the description of the test spans, the ties of the Santa Fe

20-ft. open deck span were not bearing on the inside beam of the north beam group.

The effect of this poor tie bearing on the variation of stresses between the two beams

is shown in Figs. 451 to 454 incl. For example, the inside beam of the north beam group

was only stressed to 1.2 kips per sq. in. under the 1,800 hp. Diesel locomotive at 55 m.p.h.

(see Fig. 451), while the outside beam was stressed to 13.6 kips per sq. in. The average

stress in the beam group was 7.4 kips per sq. in., hence, the outside beam was stressed

S3 percent greater than the average stress in the beam group. It can be seen from the

summary diagram for this span (Fig. 454), that the outside beam was usually stressed

from 40 to 70 percent greater than the average stress in the north beam group.

The effect of the poor tie bearing on the variation of stress between the two beams

of the north beam group of the Santa Fe 20-ft. open deck span can also be found on

the typical strain record for this span (see Fig. 152). Gage 4 was on the inside beam

while gage 2 was on the outside beam. It can be seen that gage 2 indicates approximately

5.0 kips per sq. in. stress before gage 4 indicates any stress. Apparently the outside beam
and the tie deflect a definite amount before the inside beam starts carrying any of the

load.

It should be pointed out that the 20-ft. open deck beam span of the Santa Fe did

not have any diaphragms and the bearings were in poor condition, which would account

for this large variation in stress between the two beams of the group.

It is interesting to note that even on the Illinois Central bridge—a beam span of

modern design and with diaphragms at the center, quarter points and ends—the variation

of stress between the two beams of the group amounts to 10 to 15 percent of the average

stress in the two beams.

Shape of Stress Curve

In order to study the instantaneous shape of the stress curve in a beam under

dynamic loading, the gages were placed longitudinally along the beam on the lower

flange as shown in the upper diagram of Fig. 501. Several readings were then taken

under the Diesel and steam locomotives at very high film speeds. One of the records

taken under a Diesel locomotive at a speed of 21.8 m.p.h. was enlarged three times its

original size and then part of the record traced on Fig. 501 as shown under the "Recorded

Strains" on the right side. It should be kept in mind that the part of the record shown

is the vibrational stresses produced in the various parts of the beam by the wheel passing

over the battered rail joint. In other words, the horizontal lines shown on these records

are the mean stress curves and the curved part of the records are the vibrational stresses

produced by the wheel first losing contact with the rail and then coming in contact with

the rail. This cycle is called the "release of load" and "application of load".

The simultaneous stresses at all the gage positions were read and plotted at the time

ti, as .shown by the "Stres.s Curve at t" in Fig. 501. The vertical line /i is the time when
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the maximum compression stress, resulting from the release of the load, occurred in the

beam at the gage 2 position. A smooth curve was drawn through these plotted values

and called the "Dynamic Loading Curve". For comparison, the "Static Loading Curve"

is also shown on this diagram by a straight line from the center line of bearing to the

maximum stress and would be the shape of the stress curve if the load had been slowly

released.

The simultaneous stresses at all the gage positions were read and plotted at the time

fj as shown by the "Stress Curve at t". The vertical line t« is the time when the max-
imum tensile stress, resulting from the application of the load, occurred in the beam at

the gage 2 position. It can be seen from the recorded strains that at the time ti when
the beam at gage 2 position had reached the maximum tensile value resulting from the

application of the load, the beam at the gage 12 position was still in compression result-

ing from the release of the load. The beam at the gage 12 position did not reach its

maximum tensile stress resulting from the application of the load until -rj^ ^^^- ^^^^^

the beam at gage 2 position had reached its maximum.
The simultaneous stresses at all the gage positions were read and plotted at the time

ta as shown by the "Stress Curve at ta". The vertical line h is the time when the max-

imum tensile stress, resulting from the application of the load, occurred in the beam at

the gage 12 position.

The static and dynamic loading curves at the time h and t2 have the same shape

M
as the -p-y- diagrams and the deflections can be calculated by taking the first moment

of the area under these curves. In the table of "Calculated Deflections" are the deflec-

tions as computed by the static and dynamic loading diagrams at time ti and ts. It can

be seen that the deflection under static loading is about 70 percent greater than the

deflection under dynamic loading.

The difference in the shape of the static and dynamic stress curves partially accounts

for the difference in impacts in short spans, as secured from deflection readings and strain

gage readings. The impacts recorded by deflectometers are usually about half those

recorded by strain gages.

Conclusions

These tests on short steel spans included 4 open deck spans and 3 ballasted deck

spans varying from 20 ft. to 34 ft. in length. The tests were conducted under Diesel and

steam locomotives at speeds up to 100 m.p.h. and measurements were secured under

900 test runs. The following conclusions have been drawn from the analysis of these

test measurements:

1. Static Stresses

In open deck short spans of present-day design, the actual static stresses are about

90 percent of the calculated static stresses based upon concentrated wheel loads.

In ballasted deck short spans of present-day design, the actual static stresses are

about 80 percent of the calculated static stresses based upon concentrated wheel loads.

2. Impact Effects

The impact stress at any speed is the difference between the actual recorded stress

in the beam or girder group under the rail at that speed and the actual recorded stress

at S m.p.h. The impact stress for each test run was separated during the analysis of the

data into the following dynamic effects:
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(a) Roll Effect

The impact effect upon the span due to the roll of the locomotive was found to

have a critical range of speed, being of lesser magnitude at speeds above or below the

critical.

On the open deck spans, the roll effect amounted to 17 percent of the recorded static

stress for the Diesel locomotive and 23 percent for the steam locomotives. On the bal-

lasted deck spans the roll effect amounted to 17 percent of the recorded static stress for

the Diesel locomotives and 19 percent for the steam locomotives.

(b) Speed Effect

The speed effect impact is a term used to describe the increase in stresses which seem

to be related to speed and not to other known conditions. However, it was found that

speed effect impact has a critical range of speed, being of lesser magnitude at speeds

above or below the critical. This critical speed varies in different spans and for different

types of locomotives.

On the open deck spans, the speed effect amounted to 25 percent of the recorded

static stress for the Diesel locomotives and 35 percent for the steam locomotives. On
the ballasted deck spans, the speed effect amounted to 35 percent of the recorded static

stress for the Diesel locomotives and 40 percent for the steam locomotives.

(c) Track Effect

The track effect impact represents the impact effect due to irregularities in the track

surface, battered rail joint or wheel irregularities. This impact effect was, in general,

found to have a maximum value or critical range from 20 to 40 m.p.h. and was less in

magnitude at speeds above or below the critical.

For short span bridges when the stiffness — of the span does not exceed 60, the

values of the concentrated loads F shown below, applied at the center of the span, would

be sufficient to provide for the track effect from the Diesel and steam locomotives:

For Open Deck Spans

Battered rail joint on span F = 22.0 kips

No battered rail joint on span F r=: 16.0 kips

For Ballasted Deck Spans

Battered rail joint on span F =z 18.0 kips

No battered rail joint on span F r= 12.0 kips

(d) Hammer Blow Effect

The hammer blow eft'ect impact represents the impact resulting from the blow of

the unbalanced weights in the driving wheels of the steam locomotives. In the analysis

of the data the calculated hammer blow stress was subtracted from the total track and

hammer blow effect to arrive at the track effect stress. The critical speed for all other

impact effects were found to be below a speed at which the counterbalance or hammer
blow effect is particularly important.

3. Total Impact

An analysis of the various impact factors described above indicates that the impact

in short span bridges is to a large extent the result of complex vibrational phenomena

related to track and locomotive conditions which can not be accurately determined for

all of the variable conditions occurring in service. The total impacts, therefore, are best

determined by measurements of the actual stresses in representative service conditions

in a sufficient number of spans and test runs to give assurance that maximum impact

values are obtained, as was done in these tests.
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4. Design and Rating Rules Impacts

For short span bridges of 20 ft. to 35 ft. m length, the values of the total impact /

shown below, taken as a percentage of the actual static stress, would be sufficient to

provide for the total impact effect as determined in the measurements on 7 spans with

900 test runs:

For Open Deck Spans

Steam locomotives

Diesel locomotives

For Ballasted Deck Spans

Steam locomotives .

.

Diesel locomotives

/ z= 30 percent at 10 m.p.h. or under

/ = 75 percent at 50 m.p.h. or over

A straight line variation for values of

/ between 10 m.p.h. and SO m.p.h.

/ = 20 percent at 10 m.p.h. or under

SO percent at 30 m.p.h. or over

A straight line variation for values of

/ between 10 m.p.h. and 30 m.p.h.

/ = 30 percent at 10 m.p.h. or under

I z= 75 percent at SO m.p.h. or over

A straight line variation for values of

/ between 10 m.p.h. and SO m.p.h.

/ = 20 percent at 10 m.p.h. or under

/ =: SO percent at 50 m.p.h. or over

A straight line variation for values of

/ between 10 m.p.h. and 50 m.p.h.

The above impact percentages are based upon the actual static stresses which are

about 90 percent of the calculated static stresses for the open deck span and about 80

percent for the ballasted deck spans. The increased impact percentage for the ballasted

deck spans over the open deck spans is a result of the lower actual static stresses in the

ballasted deck spans.

5. Stress Variation in Beam Group

The maximum stress in any one beam of a group of two beams under a rail was

about 15 percent greater than the average stress in the group where the beams were

well diaphragmed together.

The maximum stress in any one beam of a group of three beams under a rail was

about 20 percent greater than the average stress in the group where the beams were

well diaphragmed together.

6. Rubber Fabric Pads

The ^-in. rubber fabric pads used under the regular steel tie plates and placed on

top of the regular bridge or track wood ties in these tests did not reduce the amount

of impact. However, it should be kept in mind that with the use of timber ties the

resiliency of the rail support is only slightly increased by the additional resiliency of the

^-in. rubber pads.

7. Welded Rail Joint

A welded rail joint at the center of the span can be considered, as far as the bridge

stresses are concerned, the same as a continuous rail over the bridge.



434 Impact

8. Frequency of Maximum Stresses

About 10 percent of the trains passing over these short span bridges produced stresses

as large as 90 percent of the maximum.

9. Longitudinal Stress Curve

The shape of the longitudinal stress curve in a beam is different under a rapidly

applied load, such as the impact resulting from a battered rail joint, than it is under a

slowly applied load.
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Committee

To Ike American Railway Engineering Association:

Your committee repoils on the following subjects:

1. Revision of Manual.

No report.

2. Specifications and principles of design of plain and reinforced concrete for

use in railway bridges, buildings and culverts, collaborating with Committees

1—Roadway and Ballast, 5—Track, 6—Buildings, 7—Wood Bridges and

Trestles, 13—Water Service, Fire Protection and Sanitation, and 15—Iron

and Steel Structures.

No report.

3. Progress in the science and art of concrete manufacture.

Progress report on the design of concrete mixes page 438

4. Specifications for foundations, including excavation, cofferdam, piling, etc..

collaborating with Committee 1—Roadway and Ballast, on soil mechanics,

and with Committee 7—Wood Bridges and Trestles, on bearing power of

wood piles and pile driving.

No report.

5. Methods and practices of lining and relining tunnels, collaborating with

Committee 1—Roadway and Ballast.

No report.

Bibliography and review of current engineering

railroad masonry work.

No report.

Pressure grouting.

No report.

literature pertaining to

AREA Bulletin 451, February 1945.
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8. Specifications for concrete and reinforced concrete railroad bridges and other

structures.

No report.

9. Means of conserving labor and materials, including the adaptation of sub-

stitute non-critical materials, and specifications for the reclamation of released

materials, tools and equipment, collaborating with Committee 3A—General

Reclamation of the Purchases and Stores Division, AAR.

No report.

The Committee on Masonry,

A. N. Laird, Chairman.

3Jra Hatorence ^j>le

Died May 1, 1944

Ira Lawrence Pyle, the son of Abram and Ella Pyle,

was born at Philadelphia, Pa., on March 27, 1877. He
was educated in private schools in Philadelphia and,

after leaving school, he obtained employment, in 1901,

as a draftsman with the Pennsylvania at Philadelphia.

Later, he was assigned to a field party making land

surveys in West Virginia, acting as both instrumentman

and draftsman. On July 1, 1902, he transferred to the

Chesapeake & Ohio, remaining in the engineering depart-

ment of this company until his death, a period of 42

years.

His first job on the Chesapeake & Ohio, was that

of levelman on location, with headquarters at Hunting-

ton, W. Va. From that time until April 1, 1918, he was

successively levelman, transitman, draftsman and resi-

dent engineer on various construction projects between Hinton, W. Va., and Cincinnati,

Ohio.

On the latter date he was transferred to Richmond, Va., as assistant engineer in

charge of construction between that point and Norfolk, Va., including the water front

facilities at Newport News, Va., which, during World War I, was a port of embarkation

for American troops and, mihtary equipment and supplies. On April 1, 1921, he was

advanced to assistant engineer of construction, on January 1, 1923, to assistant to chief

engineer and on March 1, 1923, to assistant chief engineer. On September 18, 1939, he

was promoted to chief engineer, the position he held at his death.

During the first 20 years of his service with the Chesapeake & Ohio, Mr. Pyle became

experienced in a wide variety of engineering work and classes of construction, thus laying

an excellent foundation for his subsequent success as assistant chief engineer and chief

engineer. During these later years, including the heyday of the late twenties, and even

during the long years of the depression, the Chesapeake & Ohio continued to carry on

large programs of improvements to enable it to handle its rapidly expanding traffic. He

spent these years in directing the construction of improvement projects of many kinds

and types which included a classification yard at Clifton Forge, Va.; reconstruction of

the Ohio river bridge and approaches, at Cincinnati; double tracking the Cincinnati

Interterminal Railroad and the elimination of grade crossings through Covington, Ky.;
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locomotive repair shops at Huntington; steel car repair shops at Russell, Ky.; a low-

level concrete coal pier at Newport News, Va.; coal and ore docks at Presque Isle,

Toledo, Ohio; an addition to Elevator A, at Chicago; a program of tunnel enlargement

and tunnel construction, which covered a period of five years, between Covington, Va.,

and Gauley, W. Va.; and a second coal dumper at Presque Isle. In 1943, despite the acute

labor shortage and difficulty in obtaining materials, the reconstruction of the main-line

bridge over the Big Sandy river, at Big Sandy Junction, Ky., was undertaken, and on

April 12, 1944, the new Blue Ridge tunnel, at Afton, Va., about 4,000 ft. long, was placed

in service, to replace an older tupnel, constructed in 18S0-18S8, by Col. Claudius Crozet,

a distinguished engineer and a soldier of France during the Napoleonic era.

Mr. Pyle joined the American Railway Engineering Association in 1923. He served

on a number of committees, but was identified principally with Subcommittee 5, Tunnels,

of Committee 8, Masonry, of which he was chairman at the time of his death. He was

also a member of the American Society of Civil Engineers, and was a representative of

the Chesapeake & Ohio on Committee A-1, Steel, of the American Society for Testing

Materials.

Mr. Pyle was quiet and dignified at all times, but possessed a keen sense of humor.

He made friends easily and was well known and loved from one end of the road to the

other. In politics he was a Republican, but took no active part in politics, devoting his

entire time to his work, his church, his home and his books. In addition to his technical

interests and technical reading, he was a lover of books and was acquainted with the

best in literature, and possessed a well-appointed library.

Mr. Pyle was a devout Christian. He was a member of the Overbrook Presbyterian

Church, at Richmond, Va., and had been superintendent of its Sunday school for 23

years; he had been clerk of the session for 25 years; and was a representative from the

presbytery to the general assembly of the church. In short, he was_ looked upon as a

leader in the church of his choice. Though without children of his own, he was deeply

interested in young people and had been connected with the Boy Scout movement in

Richmond lor many years.

On July 1, 1903, Mr. Pyle married Miss Bessie Boozer of Philadelphia, who survives

him. His choice of a helpmate was a happy one, for his wife was always a source of

inspiration to him and a help always. She took a keen interest in his development in his

chosen profession, while her taste in literature and her interest in their home and in

church work paralleled his interests.

jFrank Hilliam Capp

The Committee on Masonry takes this opportunity to express the deep regret occa-

sioned by the death on December 11, 1944, of one of its members, Frank William Capp,

structural engineer of the Portland Cement Association.

During the course of his six years as a member of the committee Mr. Capp gained

the respect and admiration of its members. Because of his intimate knowledge of con-

crete, his wilHngness to be of help, his conscientious approach to any assignment and his

thorough appreciation of the railroad point of view, he was of untold value to the

committee in its work.

His associates feel keenly the loss which the committee has suffered and wish to

record here their appreciation of his many admirable qualities.
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Report on Assignment 3

Progress in the Science and Art of Concrete Manufacture

H. E. Burr (chairman, subcommittee), F. W. Capp, R. Haves, A. C. Irwin, J. E. Kalinka,

C. P. Marsh, W. M. Ray, G. E. Shaw, Neil Van Eenam, H. J. Voelker, L. W. Walter.

Your committee submits as information, the following report on the design of

concrete mixes.

Introduction

Concrete mixes may be designed by any one of several methods, ranging from the

inaccurate proportioning of the ingredients by arbitrary volumes, to the more precise

methods requiring careful determination of the chemical and physical characteristics of

the proposed concrete ingredients, considered separately and in different combinations

by means of laboratory tests requiring apparatus neither available to the inspector in

the field nor economically justified for projects of moderate magnitude. The object of

this report is to give methods for the design of concrete mixes which can be used by an

inspector with simple equipment on the project with assurance of obtaining desired

strength and durability with reasonable uniformity and economy. It is strongly recom-

mended that compressive tests of standard cylinders be made by an approved laboratory

to ascertain if the desired strengths are being obtained. The report does not pretend to

be the result of any original research work on the part of the committee. Rather, it

should be considered as a compilation of information obtained from the published works

of numerous authorities. The assumption has been made that the reader will bring, at

the least, an elementary knowledge of the water-cement ratio theory to a study of the

report.

Part I of the report includes: (a) Definitions of certain terms and expressions as

herein used; (b) a brief description of those fundamentals considered necessary for an

understanding of the problem; (c) two methods of determining the trial mix, the

essential difference between the methods being one of approach. The first utihzes pre-

liminary experiments with the materials; the second relies on calculation based on data

developed from past experience with similar materials. For the small project, where

supervisory personnel is often lacking and where the refinements of the given methods

could not be considered economically applicable, a group of suggested mixtures are given.

Part II provides instruction in the methods of testing the aggregates for those

physical characteristics of which use is made in Part I, and also gives a descriptive list

of the equipment necessary for the making of the tests. Tests for the quality of mate-

rials have not been included since the report assumes that materials furnished to the

inspector are in accordance with the specifications.

For those readers who desire to explore more fully the subject of mix design, a

brief bibliography has been appended.

Part I

Definitions

The following definitions of certain terms reflect the sense as used in this report

rather than a strict accordance with scientific usage.

Absolute Volume (of soHds and liquids).—The volume which the material will

displace in the concrete; the sum of the volumes bounded by the surfaces of the indi-

vidual particles, thus excluding the voids which exist among the particles in a bulk
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condition but including all the voids within the particles themselves. The volume of

water and its absolute volume are considered identical. Absolute volume is also referred

to as solid volume.

Bulk Specific Gravity, Satur.'^ted, Surface-Dry Basis.—The ratio of the weight

of saturated, surface-dry material to the weight of an equal volume of water.

Cement Factor or Cement Content.—The amount of cement in a given volume

of concrete; usually expressed in number of sacks per cubic >ard of concrete.

Consistency (as descriptive of the character of fresh concrete).—A general term

relating to the state of fluidity of the mixture, embracing the entire range of fluidity

from the driest to the wettest possible mixtures. The consistency of freshly mixed con-

crete is measured by the standard slump test.

Fineness Modulus.—An index number, denoting the fineness or coarseness of an

aggregate; its numerical value equals the sum of the percentages by weight coarser than

each of a specific series of sieves divided by 100.

Free Water.—See surface moisture.

Plasticity.—The property of fresh concrete that permits it to be readily molded

but which allows it to change form slowly upon removal of the confining mold. Plastic

concrete maintains its homogeneity while flowing sluggishly, neither crumbling through

dryness nor segregating through over-fluidity.

Saturated, Surface-Dry.—A descriptive term applied to aggregate which is satu-

rated with water to the extent that it will not absorb any of the water provided for

the mLxing of the concrete but which has all the surfaces of its particles free from

moisture.

Slump.—The shortening of a standard test mass of freshly mixed concrete; it is

used as a measure of consistency in accordance with a standard method of test.

Solid Volume (of solids and liquids).-—See absolute volume.

Surface Moisture.—The water in the aggregate in excess of that producing a satu-

rated, surface-dry condition. Also referred to as free moisture or free water.

Unit Water Content.—The total water in a unit volume of concrete ; usually

expressed in gallons per cubic yard.

Unit Weight.—^The weight of a unit volume of material measured in accordance

with a standard method of test.

Water-Cement R.-^tio.—The ratio of the quantity of water to a unit quantity of

cement. It is herein expressed in gallons of water per sack of cement.

Workability.—There is no standard or universally accepted measure of workability,

but as used herein when applied to freshly mixed concrete, it indicates the ease with

which it can be handled, transported, and placed with the minimum loss of homogeneity.

Relation of the Absolute Volume of Concrete

Ingredients to Their Weights and Specific Gravities

For all practical purposes, when no foaming agent is introduced into the mix, the

volume of entrained air may be ignored, and the volume of concrete produced With

any given proportions of a workable mixture can be considered as equal to the sum of

the absolute volumes of each of the ingredients, i.e., for a unit volume of concrete,

A + C + W = 1 (1)

Where A = absolute volume of the aggregate

C = absolute volume of the cement

W = absolute volume of the water
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The specific gravity in the above expression refers to the bulk specific gravity of the

material in a saturated, surface-dry condition.

Substituting weights and specific gravities for the absolute volumes of the concrete

ingredients, formula (1) becomes, when we consider one cubic yard of mixed concrete:

+ o ...-,. +
. w .. ., = 27 cu. ft (2)

Sa X 62.43 Sc X 62.43 1 X 62.43

Where Wa = Weight of aggregate

Wc = Weight of cement
Ww =: Weight of water
Sa = Specific gravity of aggregate

5c = Specific gravity of cement (Note)
1 = Specific gravity of water

Xotc: The specific gravity of cement may be assumed as 3.15 with no appreciable sacrifice in

accuracy.

Formula (2) is the basic formula for determining a trial mix by calculation. Before

applying it to the solution of a typical problem, consideration will be given first to

factors that are intimately connected with every problem of mix design.

Research over a long period of time has led to the development of certain concepts

and has established specific relationships that materially aid in a better understanding

and solution of the problem. One of the finest compilations of such data is found in the

work of Committee 613 of the American Concrete Institute.f Your committee has been

guided to a considerable extent in the preparation of its text and subject arrangement by

the work of Committee 613.

Selecting the Water-Cement Ratio For the Project

The water-cement ratio is chosen on the basis of (a) the required durability, and

(b) the strength specified. The maximum water-cement ratio to be permitted for the

type of structure and degree of exposure involved is obtained from Table 1 ; that for the

required strength is taken from Table 2. The lower of the two water-cement ratios thus

obtained is chosen for the design of the mix. Ordinarily, the man in the field will not

be confronted with the problem of selecting a water-cement ratio, since either the plans

or specifications should state the maximum water-cement ratio upon which he is to base

his mixture.

Table 2.

—

Compressr'e Strengths For \^4rious W.-vter-Cement Ratios*

Total Water Assumed Minimum
I' . S. Gal. per Compressive Strength
94-Lh. Sack at the Age of 28 Days,**
of Cement Lb. per Sq. In.

lYz 2,500

7 2,750

bVi 3,000

6 3,300

SYi 3,700

5 4,250

• Adapted from AREA Specifications for Concrete and Reinforced Concrete Railroad Bridms and
Other Structures; Proceedings, Vol. 43, 1944, page 234.

** For concrete made with Type I or Type II Portland cement. When Type III Portland cement
is used in lieu of Type I or Type II. it is assumed the above values for compressive strength will be
obtained at the age of seven days.

t See Bibliography.
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Table 3

—

Suggested Consistencies and Aggregate Sizes*
Maximum

Size of

Consistency—Slump Coarse

Maximum Minimum Aggregate
Portion of Structure (In.) (In.) (In.)

Reinforced foundation walls and footings S 2 IJ^
Plain footings, caissons, and substructure walls 4 1 2

Slabs, beams, and reinforced walls 6 3 1%
Building columns 6 3 IJ^
Pavements 3 2 2

Heavy mass construction 3 1 3

When high frequency vibrators are used, the values given for slump should be reduced
about one-third.

The maximum size of aggregate should not be larger than one-fifth of the narrowest
dimension between forms of Hie member for which the concrete is used, nor larger than
one-half of the minimum clear soace between reinforcing bars.

* Adapted from Table 4 of the 1940 Joint Committee Report on Recommended Practice and
Standard Specifications for Concrete and Reinforced Concrete.

Estimation of Slump and Choice of Coarse Aggregate Size

The least slump required for proper placement of the concrete should be chosen.

Also, the maximum size of graded coarse aggregate should be as large as is economically

available and suitable for use under the job conditions that will be encountered. The

foregoing is important since both items have a direct bearing on the required unit water

content. Table 3 is offered for guidance in the estimation of slump and aggregate size.

The Unit Water Content

The quality of concrete is governed in great degree by the unit water content. For

any given water-cement ratio, the mix that requires the lowest unit water content will

also require the least cement; or, for any given amount of cement per unit volume of

concrete, the mix requiring the lowest unit water content will have the lowest water-

cement ratio.

Importance of a Minimum Sand Content

Since the amount of sand used in the concrete mix exerts a great influence on the

required unit water content, it should be held as low as consistent with the demands of

workability. Sand in excess of that required for the adequate "floating" of the coarse

aggregate particles in the form of a plastic mass, will result in a unit water content higher

than would be required otherwise with resultant deleterious effects on the quality and

economy of the mixture.

Statement of the Problem

The problem may be considered as one of ascertainment of the most economical

combination of cement, aggregates and water that will result in the production of a

concrete mixture having the desired properties and quality. The only practical manner

in which this determination can be made is by actual trial and adjustment on the job

during the progress of the work. The first step then, in the solution of the problem, must

be the determination of a trial mix which will permit the start of concrete operations,

and which will require the least adjustment on the job.
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The Trial Mix By Experiment With the Materials

The most direct approach to the problem lies in the making of a number of small

hand-mixed batches, (usually of one-tenth sack cement size) using the materials that

are intended for the project. Briefly described, this method calls for the making of a

cement paste of the desired water-cement ratio into which are incorporated the fine and

coarse aggregate, in varying relative proportions and amounts. Results for each trial

batch are tabulated and thus a direct comparison is obtained of the cement and total

water required for any desired consistency with certain combinations of aggregate in a

paste of known water-cement ratio. The optimum proportions of the constituent mate-

rials can then be selected for -the starting of field operations with assurance that "the

minimum of adjustment will be required to fit the designed mixture to the requirements

of the project. Introduced at this point are directions for such a method of the trial

design of a concrete mix. The general arrangement and a considerable amount of the

text were obtained from the "Handbook for Concrete and Cement", War Department

Corps of Engineers, U. S. Army, North Atlantic Division, Central Concrete Laboratory.

Preparation of Materials

(a) Cement.—One-tenth sack (9.40 lb.) of cement shall be weighed out. One-tenth

sack batches are adequate when the maximum size of coarse aggregate is 1J4 in. or less.

When larger coarse aggregate is used the size of the batch should be increased to 1/7

sack or 1/5 sack of cement.

(b) Water.—The weight of water required for the cement shall be calculated and

this amount weighed out. For example, when a l/lO sack batch is used, the calculation

is as follows:

When the W/C (water-cement ratio) is expressed in gal. per sack,

W/C X S.34S (lb. per gal.)
Weight of water in pounds ^

10

This and subsequent calculations will be greatly simplified if aggregates are used in a

saturated, surface-dry condition since such a condition demands no corrections for either

absorption or free water. If they are otherwise, it will be necessary to make an assump-

tion of the approximate quantities of fine and coarse aggregate to be used, in order to

ascertain the weight of water required for the trial batch. If the aggregate is very dry,

an addition should be made to the calculated amount of water to compensate for the

amount that will be absorbed. If the aggregate is wet, correction should be made by

subtracting the amount of free water present. In the suggested form presented for re-

cording the calculations, it has been assumed that the aggregates were other than surface-

dry for purpose of illustration.

(c) Aggregate.— (1) For coarse aggregates not in separated sizes: Enough sand and

coarse aggregate shall be weighed out in separate containers to exceed the requirements

of the batch; i.e., approximately 35 lb. of sand and approximately 55 lb. of coarse

aggregate, for a 1/10 sack batch.

(2) For coarse aggregates in separated sizes: The optimum proportions of the two

or more sizes to be used (No. 4 to ^ in., ^ in. to 1^ in., etc.) shall be determined as

follows:

Representative air dry samples of equal weight of each of the sizes shall be selected

from the stock piles and thoroughly mixed together. This mixture shall weigh approxi-

mately 75 lb. A unit weight determination of this mixture shall be made in the following

manner. A one-half cu. ft. measure shall be filled one-third full and the top leveled off
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with the fingers. The mass shall be rodded with the tamping rod with 25 strokes, evenly

distributed over the surface. The measure shall be filled two-thirds full and again rodded

with 25 strokes as before. The measure shall then be filled to overflowing, rodded 25

times, and the surplus aggregate struck off, using the tamping rod as a straight edge.

In rodding the first layer, the rod shall not be permitted to forcibly strike the bottom

of the measure. In rodding the second and final layers, only enough force shall be used

to cause the tamping rod to penetrate the last layer of aggregate placed in the measure.

Additional unit weight determinations shall be made on other mixtures, using varying

percentages of the several sizes until a mixture giving the maximum unit weight is

attained, the aim being to secure the optimum proportioning (maximum density) of the

combined sizes.

Approximately 110 lb. of the desired mixture of the coarse aggregates and about

70 lb. of the sand shall then be weighed out.

Mixing Procedure

After all the above quantities are weighed, the mixing area shall be moistened with

a damp rag. The cement and water shall be mixed to an even color and texture. (Exces-

sive fluidity of the paste with attendant splashing can be obviated by mixing some of

the proposed sand with the cement prior to the addition of water.) Proceeding with con-

tinuous mixing, quantities of sand and coarse aggregate shall be added in increments

approximately proportioned to the original quantities until a mixture of the desired con-

sistency is approached. As the materials are added, careful observation shall be made of

the texture of the gradually stiffening mixture to prevent "over-sanding" or "harshness".

As the mixture approaches the desired consistency it should be troweled carefully, since

by troweling the surface of a heaped-up mixture its texture can best be gaged. When,
with troweling, the mixture appears too smooth (too easily "finished"), the mixture

requires more coarse aggregate; when considerable effort is necessary in troweling to

bring about a smooth "finish" the mixture is too harsh and more sand is required. The
goal to be sought is a mixture of a cohesive nature which will appear rough and rather

harsh around the edges; but which with a medium amount of troweHng will present a

smooth dense surface.

When the mixture appears to have reached the consistency (slump) desired, a

slump test shall be made immediately with a standard slump cone. If the slump is too

great, additional material, either sand or coarse aggregate, as indicated by the texture,

should be added and mixed thoroughly, and the slump test repeated. If the slump is as

desired, or less than required, the calculation of the quantities used shall be made. Losses

of moisture due to evaporation require that the mixing operation be speedly performed.

Attention is directed to the practicability and desirability of using a lower ratio of

sand to total aggregate with vibrated concrete than would be practicable or desirable

for hand-puddled concrete, e.g., where the percentage of sand to the total weight of

aggregate would be 36vor 37 percent in hand-placed concrete, superior results may be

obtained in vibrated concrete by using from 30 to 34 percent. The efiicacy of the lower

sand ratio lies in the reduced aggregate surface area permitting greater effectiveness of

the cement paste in surrounding and "floating" all aggregate particles in the mixture.

This will be apparent when thought is given to the relative surface area of a cubic foot

of sand particles as compared to a cubic foot of coarse aggregate particles. With the lower

sand ratio, a lower cement factor is practicable, with consequent economy, without in

any way sacrificing density or sttength.
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Suggested Form For the Calculation of the Trial Mix

Project:

Class of Concrete: Computed by: Checked by: Date:

Cement : Brand Mill Location

Sand: Fineness Modulus 2.60 Origin (Location of Deposit)

Coarse Aggregate: Type Cnished Stone Origin (Location of Deposit)

Maximum Size 1^4 in.

Water-Cement Ratio: Desired 6 gal. per sack Actual
30.7

8.345
= 6.07 gal. per sack

27
Cement Factor: Minimum required Sacks per cu. yd. Actual

^ joj
= -^-^^ sacks

per cu. yd.

Sand, as percent of total aggregate: By absolute vol.
1.283

3.S31
X 100 = 33.5

Separation of coarse aggregate:
No. 4-^/i in. 40% Slump: Desired 3 in.

}i in.-P/i in. 60% Actual 2 in.

Remarks: Mix too harsh: requires greater percentage of sand. Requires less total aggre-

gate for desired consistency.

Materials
Free Moisture,

Bulk Spec. Unit Weight Percent, Saturated,

Material Gravity Solid, Lb. Surface, Dry Basis

Cement 3.15 196.6

Sand 2.76 172.3 +1.2
Coarse Aggregate 2.67 166.7 —OJ

Pkopijktioxs

(1) (2) (3) (4) (5) (6)

Saturated Correction Saturated Absolute
Surface-Dry for Free Surface-Dry Volume

Actual Batch Batch Weights, Moisture Weights in Lb. Cu. Ft.

Materials Weight, Lb. Lb. Lb. (1-Sack Batch) (1-Sack Batch)

Cement 9.40 9.40 94.0 0.478

Sand 22.37 22.10 +0.27 221.0 1.283

Coarse Aggr... 42.27 42.48 —0.21 424.8 2.548

Water 5.01 5.07 50.7 0.812

Total . . . 79.05 79.05 +0.06 790.5 5J21

Saturated surface-dry weights of aggregates (col. 3) are obtained by dividing the actual batch weights

(col. 2) by the expression,

(1.000 -f [0.01 X Free moisture, percent])

The correction for free moisture in the aggregates (col. 4) is obtained by subtracting algebraically

the values in col. 3 from values in col. 2. The algebraic sum of col. 4 is entered in the line of totals

and is then added algebraically to the actual batch weight of water (col. 2) to obtain the net effective

water shown in col. 3.

Water-cement ratio in gal. per sack equals weight of water (col. 5) divided by 8.345 (weight in

pounds of one gallon of water).

Absolute volumes (col. 6) are obtained by dividing values in col. 5 by the appropriate unit weight
solid listed under "Materials". The cement factor is found by dividing 27 cu. ft. by the total of col. 6.
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Calculation

A suggested form is presented for the calculation of the trial mix. The heading is

self-explanatory, the information called for being obtained in great part by calculation

from data obtained from the body of the form. The columns under the heading "Mate-

rials", should be filled in as indicated. The methods for ascertaining the values for "Bulk

Specific Gravity", and "Free Moisture", will be found in Part II of the report. The

"unit weight (solid)" is obtained by multiplying the bulk specific gravity by 62.43 (the

weight in pounds per cubic foot of water)

.

The quantities of unused sand and coarse aggregate are weighed at the completion

of the mixing procedure, and the weights subtracted from the original weights to deter-

mine the amounts used in the batch. These amounts are entered in column 2 with the

weights of cement and water used. The saturated, surface-dry weights of aggregates

shown in column 3, and the corrections for free moisture shown in column 4 are obtained

according to directions given on the form. The weights for a one sack batch (column 3

multiplied by 10, 7, or 5, depending on whether a 1/10, 1/7, or % sack batch was used

for trial) are entered in column 5. Instructions on the form show how the values of

column 6 are obtained together with the water-cement ratio and cement factor of the mix.

Check Batches

Usually, a single trial batch is not sufficient for a satisfactory design since the oper-

ator is almost sure to obtain either an "over-sanded" or too "harsh" mixture, or miss the

desired slump or net water-cement ratio. After calculating the results of the first batch,

subsequent ones should be made with predetermined weights of material, obtained by

modifying the quantities used in the initial batch as may seem indicated.

Calculation of Field Proportions

The determination of the proportions for any desired size field batch may be

obtained from the data recorded on the calculation .sheet, (of the final or best trial batch)

by multiplying the weights given in column 5 with the number of sacks of cement desired

in the field batch. The volume of concrete in cubic yards produced by the field batch

will equal:

Number of sacks used in field batch

Cement factor (from calculation sheet)

The reader will note that the trial mix proportions obtained at this point of the

discussion are stated for aggregates in a saturated, surface-dry condition, and will require

conversion into terms of "stock-pile" aggregate before they can be used for the starting

of concrete operations. This conversion will be necessitated by the moisture condition of

the aggregates as found at the time they are to be used. This phase of the problem is

fully explained in subsequent text, but before consideration is given to this step in the

design, it would be well to give thought to a method that permits the determination of

a trial mix when conditions are encountered that preclude the method based on experi-

ment with the materials.

The Trial Mix By Calculation

The reader, by this time, will appreciate the fact that, in order to design a concrete

mixture for a certain consistency, some knowledge must be had of the total water and

percentage of sand required by the aggregates. In the method now to be considered,

this information is obtained from a table which lists the necessary data.
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Table 4

—

^Approximate Sand and Water Contents Per Cubic Yard of Concrete

Rounded Coarse Aggregate. Angular Coarse Aggregate

Maximum Sand Sand
Size of Percent of Percent of

Graded Total Net Water Content Total Net Water Content
Coarse Aggregate Gal. per Cu. Yd. Aggregate Gal. per Cu. Yd.

Aggregate, by Absolute Slump by Absolute Slump
Inches Volume 2" 3" 5" Volume 2" 3" 5"

Y4 44 35 37 39 49 38 40 42

1 41 34 36 38 46 37 39 41

lYz 37 32 34 36 42 35 37 39
2 34 30 32 34 39 33 35 37

3 31 28 30 32 36 31 33 35

Percentages shown for sand are for natural sands having a fineness modulus of about

2.75, in concrete mixtures having a W/C of about 6^ gal. per sack. For sands of fineness

modulus greater or less than 2.75, increase or decrease respectively the values shown by
0.8 for each 0.1 change in the fineness modulus.

Rich mixtures will normally require less sand than lean mixtures; a change of one

sack of cement per cubic yard of concrete will permit an adjustment in the sand per-

centage of about 1.5.

Manufactured sand with sharp and angular characteristics will require an increase

of about three in the given sand percentage and about two gallons in the given water

contents.

For concrete pavements or mixtures to be compacted by internal vibration, where
the amount of mortar should be less than that of ordinary structural concrete, decrease

the given sand percentages by three and the given water contents by one gallon.

Table 4 is a compilation derived from the findings of many investigators, and covers

a wide range of aggregates. To utilize this table in the absence of knowledge of the

fineness modulus of the sand or the maximum size of the coarse aggregate, an assumption

would have to be made, based on the appearance of the materials. Before presenting an

example, it probably would be of aid to the reader if certain thoughts that were given

expression earlier in the discussion were gathered together in the form of a suggested

procedure.

Procedure For Design

1. Select the water-cement ratio that meets the specified requirements for durability

from Table 1 and the specified requirement for strength from Table 2. Of the two ratios

thus obtained, the ratio calling for the lower number of gallons of water per sack of

cement is the one to be used in the design of the mix.

2. Estimate the least slump that the job conditions will demand for the proper

handling and placing of the concrete. Choose the largest maximum size of graded coarse

aggregate economically available and suitable for use. (Table 3 may be used for guidance.)

3. From Table 4 select the percentage of sand and total water content that are

required to fill the conditions of step 2.

4. Compute the trial mix proportions that will satisfy the conditions established in

steps 1 to 3.

5. Adjust the trial mix proportions on the job as may be necessary.

Typical Example

For the purpose of illustration, let it be assumed that the aggregates will consist of

a sand of coarse grading, as shown by a fineness modulus of 3.10, and a rounded gravel,

V/2 in. maximum size; the bulk specific gravities, saturated, surface-dry basis, are found
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by test to equal 2.60 and 2.80 respectively; the water-cement ratio is to be 6 gal. of

water per sack of cement; the required slump is estimated at 5 in. Following the sug-

gested procedure for design, we have:

1. Water-cement ratio equals 6 gal. water per sack of cement.

2. Estimated slump equals 5 in.; maximum size of rounded coarse aggregate equals

VA in.

3. For a sand with a fineness modulus of 3.10, Table 4 shows that 40 percent of

the total aggregate should consist of sand, and that 36 gal. of water per cubic

yard of concrete will be required for the S-in. slump.

4. The calculation follows.

Every concrete mix consists of three variable ingredients, namely, cement, aggregate,

and water. In the assumed problem, one of these variables, water, has been fixed at

36 gal. With the water-cement ratio established at 6 gal. per sack, a second variable

becomes fixed; thus the variable, cement, is found to equal:

Water content 36 gal
„r ,

: 7^

—

—-— 5 r— = 6 sacks per cu. yd. of concrete
Water-cement ratio 6 gal. per sack

"^ ^

The determination of the amount of aggregate is based on the relationships given in

formula (2), derived earlier in the discussion. It is repeated here in transposed form to

permit such determination:

Wa / Wc
27 +

Ww \

1 X 62.43 /5a X 62.43
~

\ Sc X 62.43

Substituting the known values in the above equation, we obtain:

Wc WwAbsolute volume

Cement -{- Water Sc X 62.43 1 X 62.43

6 sacks X 94 lb. 36 gal. X 8.345 lb.

3.15 X 62.43 1 X 62.43

= 2.87 cu. ft. -f 4.81 cu. ft

= 7.68 cu. ft.

Absolute volume

Total aggregate

Absolute volume

Sand

Absolute volume

Coarse aggregate

= 27
Absolute volume

Cement -j- Water

= 27 — 7.68

= 19.32 cu. ft.

= Percent sand X absolute volume total aggregate

= 0.40 X 19.32

= 7.73 cu. ft.

< Absolute volume

Total aggregate

== 19.32 — 7.73

= 11.59 cu. ft.

)-(
Absolute volume

Sand
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Sand content

by weight
~ Absolute volume X specific gravity X 62.43

= 7.73 X 2.60 X 62.43

= 1,255 lb.

Coarse aggregate
, ° . , ^ = 11.59 X 2.80 X 62.43

content by weight ^ ^
= 2,026 lb.

Grouping these results, we have for the 1 cu. yd. trial mix quantities, aggregates

saturated and surface-dry:

6 sacks cement; 1,255 lb. sand; 2,026 lb. gravel; 36 gal. water.

Conversion of Saturated, Surface-Dry

Weights to Their Job-Damp Equivalents

In order to apply the foregoing figures to aggregates which carry free water, they

must be converted into terms of job-damp weight by adding the weight of free water.

Such free water is in turn subtracted from the total water allowed by the water-cement

ratio. Thus we determine the amount of water that is to be added at the mixer. To
illustrate, let it be assumed that the aggregates with which we are dealing carry free

moisture in the following amounts; the free moisture is expressed as a percentage of

the weight of the saturated, surface-dry aggregate.

Sand—5 percent free moisture
Gravel— 1 percent free moisture

The job-damp weights will be:

Damp sand = 1,255 + (1,255 X 0.05) = 1,318 lb.

Damp gravel = 2,026 -f (2,026 X 0.01) = 2,046 lb.

The total free water amounts to

(1,255 lb. X 0.05) -f (2,026 lb. X 0.01) = 62.75 lb. + 20.26 lb. = 83 lb.

83 lb.

8.345 lb. = '^'^= S^^-

Water to be added at the mixer = 36.00 gal. — 9.95 gal. = 26.05 gal.

The 1 cu. yd. trial mix quantities, expressed in terms of job-damp aggregates, and

which will be used for the start of concrete operations are:

6 sacks cement; 1,318 lb. sand; 2,046 lb. gravel; 26.05 gal. water.

The Adjustment of the Trial Mix to Suit Field Conditions

Let is be assumed that after turning out a number of batches of concrete, it is found

that the demands of the work are such that a concrete of such fluid consistency is not

required. The five-inch slump estimated in the preliminary design proves to be excessive,

or it might be that the materials are graded so nicely that workability can be obtained

with a much smaller slump. In any event, it is quite evident that more water is being

used than is necessary. The adjustment is started by regulation of the water going into

the mixer, in this case by gradually reducing the amount being added to each batch until

a consistency is obtained that is satisfactory, one still plastic enough to permit of proper

placing in the forms and around the reinforcing steel, but one that does not hold the

possibilities of developing into the over-wet condition that was threatening in the

original mix.
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We now find that we are adding, let us say, 20 gal. of water at the mixer, and the

problem that presents itself for solution can be described as follows: It is obvious that

a reduction in the quantity of any one of the aforementioned mix variables i.e., cement,

aggregate or water, will result in a smaller yield in the concrete. In other words, with

the mix taking 6.05 gal. less water than was originally calculated as necessary, we know

that we are not obtaining the volume of concrete expected. We must, then, be using

more than the 6 sacks per cu. yd. for which we originally designed, and it will be of

interest to ascertain just what volume of concrete we are now producing, and how much

more cement per cu. yd. this change in water has occasioned. We also realize that by

reducing the volume of water from 36.0 gal. to 29.95 gal. with no corresponding change

in the amount of cement going into the mixer, we have reduced the water-cement ratio.

Since the original batch was producing 1 cu. yd. of concrete, a reduction of 6.05 gal.

of water will result in a volume of concrete equal to,

/ b.OS gal. X 8.345 lb. \
1 ^"- >'^- - \27 cu. ft. X 62.43 lb. J

= °-^^ '^"- ^^^

Note: This calculation can be made mentally if it is remembered that the absolute volume of one
gallon of water is equal to O.OOS cu. yd.

6 sacks
The present mix is requiring, _ g^ H~^^ ^'^^ sacks per cu. yd., and the unit

29.95 gal.
water content is equal to „ „- —-j- =: 30.9 gal. per cu. yd.

The water-cement ratio of the mix now being placed equals:

Total water _ 2Q.95 gal _
Cement Content 6 sacks '

' - - & P

We must now ascertain the adjustment to the mix ingredients that will maintain the

consistency that has been found satisfactory and at the same time permit a return to

the original water-cement ratio of 6 gal. per sack.

At this point we make use of a very helpful property inherent in concrete mixtures.

This property may be expressed as follows: The consistency of a concrete mix remains

practically constant, regardless of richness, if the type and gradation of the aggregates

and the water content per unit volume of concrete remain constant. Expressed otherwise,

we could say that aggregates of a certain type and grading will require a certain unit

water content to produce a certain slump; that this slump, for all practical purposes

required in mix adjustment, may be considered to remain constant through a wide range

of water-cement ratios, provided we maintain constant this unit water content.

Using the newly found value for unit water content that gives the desired con-

sistency (30.9 gal. per cu. yd.), the batch quantities for the adjusted mix may be com-

puted in the same manner as for the trial mix. We leave this calculation as an exercise

for the reader. The final figures should equal.

Saturated, surface-dry, cu. yd. batch: 5.15 sacks cement; 1,325 lb. sand; 2,141 lb.

gravel; 30.9 gal. water.

Job-damp, cu. yd. batch: 5.15 sacks cement; 1,391 lb. sand; 2,162 lb. gravel; 20.4

gal. water.

To get these figures into terms of integral sacks of cement, we multiply each item

by the ratio, , and obtain,
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Job-damp, 5 sack batch: 5 sacks cement; 1,350 lb. sand; 2,099 lb. gravel; 19.8 gal.

water.

The foregoing will appear a cumbersome method of adjusting a mix and quite un-

suited to the man in the field who, during concrete operations, has his time fully

occupied. It is cumbersome, and until time can be found for such calculations, what is

needed is a simple, fast, rule-of-thumb method that will give a close approximation of

the desired mix. We have it in the absolute volume relationship of the concrete ingre-

dients, and the fact previously cited with respect to the consistency of concrete mixtures

of constant unit water content. This property of a mixture permits the interchange, in

absolute volumes, of cement and aggregate, thus leaving the volume of concrete un-

changed. Since the unit water content is held constant for that volume of concrete, the

consistency of the mixture will also remain constant. To illustrate: in the assumed

problem of adjustment, it was found that by regulating the water to the desired con-

sistency there would be required 29.95 gal. for a 0.97 cu. yd. batch. To maintain a water-

cement ratio of 6 gal. per sack, the batch must have the cement content reduced to 5

sacks
I
—^ s_^ I a reduction of one sack. Now every sack of cement is equal in

V 6 gal. r
absolute volume to appro.ximately SO lb. of aggregate (average specific gravity of 2.65).

Holding the percentage of sand at the originally chosen figure of 40 percent, we increase

the original batch quantities of aggregate by 32 lb. sand (0.40 X 80 lb.) and 48 lb.

gravel (80 lb. — 32 lb.) to offset this reduction of one sack of cement. The damp batch

figures will then read,

5 sacks; 1,350 lb. sand; 2,094 lb. gravel.

The water added at the mixer (20 gal.) theoretically will require a slight adjustment

(—0.25 gal.) in order to maintain the consistency previously found satisfactory, due to

the free water brought in with the 80 lb. of added damp aggregate. The volume of the

batch will remain for all practical purposes at 0.97 cu. yd.

Any discrepancy that appears when figures thus obtained are compared with those

obtained by careful calculation, is due to the fact that in the rule-of-thumb method,

specific gravities and free moisture contents of the aggregate added to the original mix

have been ignored. These refinements can be made as soon as time permits for their

ascertainment.

The reader will note that all the calculations made in the adjustment of the original

mix were based on the assumption that the original determination of free moisture con-

tent (9.95 gal.) had undergone no change between the time the original determination

was made and the time of adjustment. Obviously, where there is any doubt that this is

the case, a check determination of free moisture content is called for prior to the making

of any radical changes in the proportions of the original mix. As soon as possible, after

any adjustment, a new determination of free moisture should be made which, when
applied to the adjusted amount of water being added at the mixer, will indicate whether

or not the desired water-cement ratio is being obtained.

Adjusting the Mix to a Given Cement Content

Quite often a specification is encountered which limits the designer of the mix to a

minimum number of sacks of cement per cu. yd. of concrete in addition to the limitation

of a maximum number of gallons of water per sack of cement. Had we been confronted

with this stipulation in the previous problem—say that a minimum of 5.5 sacks of cement

per cu. yd. had been specified—it would have been necessary to calculate the aggregate
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in the adjusted mix on the basis of 5.5 saclcs of cement and 30.9 gal. of water. Note

that under this condition, the water-cement ratio would have been——

—

^=. 5.62 gal.
5.5

^

per sack.

The reader by this, time has developed, no doubt, an appreciation of the value for

the figure representing the unit water content. Once established for any given set of

materials and a stipulated consistency, it proves a valuable tool in the study and adjust-

ment of concrete mixtures.

Adjusting the Mix For the Optimum Percentage of Sand
It is an accepted axiom that for plastic and workable mixes—and it is important

that the reader reahze the necessity of complying with this stipulation of workabiUty

—

as the percentage of sand is decreased, the unit water content required for a given slump

is thereby reduced and, as was previously mentioned, the unit cement content for a

given water-cement ratio is also reduced; or, if the amount of cement is held constant,

a lower water-cement ratio will result.

Unless the appearance of the concrete shows an obviously over-sanded condition

—

in which case an arbitrary reduction should be made immediately—the adjustment for

optimum sand content should not be attempted until after the initial adjustment for

slump and water-cement ratio have been made as previously described.

The optimum percentage of sand can be determined by gradually reducing the

amount going into each batch, increasing the coarse aggregate in amount equivalent to

the absolute volume of the sand reduced, and at the same time maintaining the slump

by decreasing the water as necessary at the mixer. If an over-sanded condition prevails

in the mix prior to starting the adjustment there will be little change in concrete work-

ability until a point is reached beyond which harshness and the tendency for segregation

(and sometimes water-gain) become increasingly apparent. This turning point marks the

theoretical optimum of sand. The practical optimum is a somewhat higher percentage,

held higher in order to compensate for uncontrollable changes in gradation of aggregates

or other variations tending to impair the workabiUty of the concrete. After arriving at

the optimum percentage of sand, the mix is adjusted to maintain the specified water-

cement ratio or minimum cement content by the method previously described. The

adjustment for optimum sand content is relatively a difficult one, and should not be

attempted unless the job control is of a nature to warrant such refinement.

Factors Limiting Mix Adjustment

The reader, who is familiar with the difficulties encountered in the field in the con-

trol of concrete, no doubt will feel that all this discussion of mix adjustment and the

refinement connected therewith, while interesting, is nevertheless somewhat academic in

the light of the average small project, where time and personnel for the necessary deter-

minations are often lacking. Certainly the extent of the refinements attempted must be

governed by the job conditions. Obviously, it would be futile to attempt minor adjust-

ment of any mix if the amount of free water in the aggregates, the amount of water

being added at the mixer, and the amounts and grading of the aggregates were not sus-

ceptible to accurate determination and control at all times. Where job conditions pre-

clude such determination and control, it becomes necessary to "over-design" the mix,

so to speak, in order to guard against the adverse effect on quality that such variables

might introduce. For the average job it may be stated that the job mix should not be

adjusted for minor fluctuations in the water-cement ratio. A variation of ±0.20 gallons

of water per sack of cement in order to maintain a constant slump may be considered

normal.
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Table 5

—

Suggested Mixes For Small Jobs—Batching by Weight

Maximum
Size of

Aggregate

H in-

VA in.

Approx.
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SACKS OF CEHErST PER CUBIC YARD OF CONCRETE!

2900
4 4S 5 5.5 G £.5 7 7.S

SACK'S OF CEnENT PER CUBIC VA R D OF CONCR'ETE

Fig. 1.—Materials for One Cubic Yard on Concrete.
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Procedure to Be Followed When Batching By Volume

Where batching of aggregate is to be done by means of volume measurement, the

same procedure as previously described is followed. The mix is considered throughout

the design or adjustment in terms of weight, and one additional step is made at the end

of the calculations that is not required when batching is done by weight. This additional

step consists of a field determination of the weight of one cubic foot of each aggregate,

measured in the damp loose condition as it comes from the stock pile, the idea being to

approximate as closely as possible the conditions of volume measure to which the aggre-

gate will be subject in the batcher. The job-damp trial mix weights divided by these

unit weights will give the job-damp volume measure of the trial mix. Due to the addi-

tional variables introduced when volume batching is used, it should not be expected that

the same accuracy of results will be obtained as when batching is done by weight.

Mixes For the Small Job

A group of mixtures is presented in Table 5 for use on projects so limited in extent

or supervisory personnel that the methods previously described could not be considered

applicable. The mixtures have been calculated in accordance with the instructions out-

lined in the report, and are based on the assumption that the aggregates will have a

specific gravity of about 2.65, and will be reasonably well graded. The amount of water

used should be held to the minimum required to obtain a plastic, cohesive concrete. The

calculations were made for concrete of about four-inch slump, and such concrete may be

expected to lie within the range of water-cement ratios shown, the ultimate value for the

W/C ratio being depended on the amount of water that the aggregate will demand for

this consistency.

Three mixtures are given for each approximate cement content and corresponding

approximate range of water-cement ratio, the only difference in an}' set of three being

the proportion of the sand to the total aggregate. Mix B is intended for the starting

mix. If the concrete produced appears over-sanded, change to Mix A; if too harsh.

Mix C would be indicated.

Carrying the assumptions one step further and, by so doing introducing additional

factors that will affect the accuracy of the results if the assumptions are not borne out

by field conditions, a table is offered for use on jobs where batching is done by volume

measure. Table 6 gives the same mixes as those of Table 5 with the added assumptions

that there will be 4 percent free moisture in the sand, none in the coarse aggregate, and

that the job-damp loose weights per cu. ft. will equal 90 lb. and 95 lb. respectively. This

provides for a bulking factor of about 1.25 in the damp sand. The previous admonition

against the use of sloppy concrete, and the instruction pertaining to the selection of

Mix B as a starting mix are also applicable to Table 6.

Chart For the Design and Adjustment of Concrete Mixes

Much of the tedious calculation involved in the design and adjustment can be

obviated by the use of charts, rules, or tables. The chart illustrated in Fig. 1 is repre-

sentative of these time-saving aids. It is based upon the same principles of design as

previously discussed and gives the solution of the same illustrative problem in graphic

form. The details of the chart construction have been included since it was felt that a

knowledge of them would give to the user a better and easier grasp of the inter-relation-

ship existing between the ingredients of a cubic yard of concrete. The chart permits one

to visualize the changes incident to any concrete mix as arbitrary values are assigned to

any of the variables. This chart with its accompanying text is reproduced from the

paper, "Chart for the Design and Adjustment of Concrete Mixes", by H. E. Burr,
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Journal of the American Concrete Institute, for September 1943, and is reprinted herein

through the courtesy of that organization.

Chart Construction

In concrete that contains no foaming agent, the amount of entrained air may
be ignored for all practical purposes and by considering our concrete ingredients

in terms of one cubic vard of mixed concrete we can derive the formula.

W = 4,467 — 22.1 C (^+3.63.)

Where W ^ Weight in pounds of combined fine and coarse aggregate in a satu-

rated, surface-dry condition, the bulk specific gravity of which is

assumed at 2.65.

C =:: The number of 94-lb. sacks of cement, the specific gravity of which
is assumed at 3.1.

w The water-cement ratio expressed in U. S. gallons of water per sack
~~^ of cement.

Referring to the chart, it will be observed that the graph of "W" has been

plotted for water-cement ratios in the range between four gallons per sack and

eight gallons per sack in one-tenth gallon increments. The quantity "C" has been

laid off as abscissae, the scale divisions of which permit reading direct to 0.1 sack

of cement. The quantity "W" forms the ordinate system, the smallest scale divi-

sion representing ten pounds of aggregate. The graphs have been confined to that

area of the chart bounded by such water and cement contents that could normally

be expected to result in the extremes of workable mixtures. For all practical mix-

tures the user will find himself well within the limits of the chart system. Every

point upon the chart within the range of the water-cement ratios shown repre-

sents one cubic yard of mixed concrete. Thus, with any two of the three variables

—cement, aggregate, or water-cement ratio—known, the third variable can be

read direct.

The dotted lines extending from lower left to upper right have their origin

at sacks of cement and lb. of aggregate and form a system of guide lines that

permits moving from one part of the chart to another without disturbing the

relative proportions of cement and aggregate in any particular mix under con-

sideration. To illustrate, starting at the intersection of 6 sacks of cement and 3,000

lb. of aggregate (500 lb. per sack), move along the diagonal guide line passing

through this point. It will be seen that this guide line passes through the points

of intersection representing 6.5 sacks, 3,250 lb. and 7 sacks, 3,500 lb. This relation-

ship of 500 lb. of aggregate per sack of cement is maintained throughout every

point on the line. Similarly, each dotted guide line—or any imaginary line visually

interpolated between those offered for guidance—represents a definite weight of

aggregate per sack of cement. Now note that as one moves upward to the right

along any guide line, the graphs of various water-cement ratios are intersected in

turn, the upward movement having the effect of reducing the water-cement ratio

of the concrete made up of that particular proportion of cement and aggregate

represented by the guide line along which movement is being made. Thus, if we
are given the number of sacks of cement and weight of aggregate going into any

batch of concrete, (the volume of the batch may be less, equal to, or more than

one cubic yard), by moving along the guide line from the point of intersection

representing this information, we can read the quantities of materials required for

one cubic yard of such concrete for any desired water-cement ratio.
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The diagonal lines labelled, "Water Content—Gallons per Cubic Yard of

Concrete", have been plotted in increments of 1 gal. for the range between 26 and

44 gal. per cu. yd. of concrete. Since water content is equal to the product of

cement content and water-cement ratio, the location of the line of any water

content is determined by the points of cement content and water-cement ratio

that are common to the water content under consideration. The lines of this sys-

tem, each of which denotes a constant water content, can also be considered as

lines of constant slump since the consistency of concrete mixes remains practically

constant over a wide range of water-cement ratios if the type and gradation of

the aggregates and the water content per unit volume of concrete remain constant.

Now referring to the chart and remembering that every point thereon represents

one cubic yard of concrete, as we move along any line of constant water content

we can note the changes occurring in the cement and aggregate content of the

mix caused by our passage through the range of water-cement ratios. Such move-

ment across the face of the chart has the effect of defining a considerable number

of one cubic yard mixes, each with a different cement and aggregate content as

well as a different water-cement ratio, but each cubic yard so defined having in

common with its group a constant slump. This feature can be used to advantage

when it is desired to adjust the water-cement ratio of any known mix without

disturbing the slump. Likewise, if the water content corresponding to any desired

slump is known, a rapid study can be made of the combinations possible with

such water content.

It must be remembered that the chart is based on the assumption that the

specific gravities of the aggregates are equal to 2.65. To convert any weight of

aggregate obtained from the chart to that of a different specific gravity, multiply

the chart weight by the ratio,
^'^' ^—aggrega_e_

ggfQj.g entering the chart for pur-
2.65

poses of study of any given mix containing an aggregate of specific gravity other

than 2.65, multiply the given weight of aggregate by the ratio,
'

.

s.g. of aggregate

Typical Ex.\mples Showing Use of the Chart

In the examples that follow, it will be assumed that the fine aggregate is to

constitute 40 percent of the total aggregate by absolute volume; that the bulk

specific gravities of the saturated, surface-dry fine and coarse aggregates are 2.60

and 2.80 respectively;

Example 1—Given: W/C ratio of 6 gal. per sack.

Cement content to equal 6 sacks per cu. yd. of concrete.

Water content equals 6 gal. X 6 sacks =: 36 gal.

Required: Saturated, surface-dry weights of fine and coarse aggregate

per cu. yd. of concrete.

At the intersection of the vertical line representing 6 sacks per cu. yd. with the

line of water-cement ratio labelled 6 gal. per sack of cement, read the weight of

aggregate, 3,190 lb.

Fine aggregate =: 40 percent of 3,190 lb. = 1,276 lb.

Coarse aggregate = 3,190 — 1,276 = 1,914 lb.

Correcting the weights due to the specific gravities being other than the chart

assumption of 2.65;
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2.60
Fine aggregate := . - X 1,276 ;= 1,252 lb.

2.80
Coarse aggregate = y^ X 1-914 = 2,022 lb.

Example 2—Assume that a stiffer consistency is desired after noting the

appearance of the concrete produced with the amounts of ingredients developed in

example 1. This stiffer consistency can be obtained by reducing the amount of

water being added at the mixer. This is done and we find that the desired con-

sistency requires a total water content of 30 gal. for the batch. The questions now

demanding answer are as follows:

(a) What quantities of materials are going into each cu. yd. of concrete with

our 6 sack batch using 30 gal. of water in place of the original 36 gal.?

(b) What volume of concrete is our 6 sack, batch producing with 30 gal. of

water ?

Our water-cement ratio has been reduced from 6 gal. per sack to -^^

—

^—-^ = 5
6 sacks

gal. per sack. From the point of intersection of 6 sacks, 3,190 lb., (the chart

equivalent of the 3,274 lb. of aggregate going into the batch, example 1), proceed

radially upward toward the right, adjacent to the dotted guide line, until the

water-cement ratio line of 5 gal. per sack is intersected. Read,

(a) 6.18 sacks: 3,288 lb. combined aggregate.

Water content = 6.18 X 5 = 30.9 gal. water.

(b) Volume of the 6 sack batch equals = 0.97 cu. yd.
6.18

Example 3—It now becomes desirable to know what changes must be made

in the mix quantities in order to get back to the original water-cement ratio of

6 gal. per sack and still maintain the consistency obtained in example 2. Proceed

as follows:

From the intersection 6.18 cement, 3,288 lb. aggregate, move parallel to the

water content lines along a visually interpolated line of water content equal

to 30.9 gal.

Where this line intersects the W/C ratio line of 6 gal. per sack read,

5.15 sacks cement: 3,370 lb. aggregate.

Similarly, the changes required for any other W/C ratio or any desired cement

content could have been read as we moved along the line of constant water con-

tent which in this case was equal to 30.9 gallons. The aggregate weight of 3,370 lb.

must be corrected for specific gravity as in example 1.

Example 4—A mixer is being charged with 5 sacks of cement and amounts of

aggregate which, when reduced to saturated, surface-dry weights, equal 1,177 lb.

fine aggregate, and 1,900 lb. coarse aggregate. What is the volume of concrete

being produced if a water-cement ratio of 7 gal. per sack is being maintained?

Convertmg the weights of aggregate into terms of a specific gravity of 2.65,

2.65

2.60

2.65

X 1,177 lb. = 1,199 lb.

X 1,900 lb. =: 1,798 lb.
2.80

Combined aggregate = 2,997 lb., say 3,000 lb.
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Enter the chart at the intersection of 5 sacks, 3,000 lb.; proceed along the

dotted guide line to its intersection with the W./C ratio line of 7 gal. per sack;

read S.3S sacks per cu. yd.

Then the volume of concrete produced by the 5 sack batch equals,

= 0.93 cu. vd.
5.35

In conclusion, the effect of movements across the face of the chart upon the

ingredients of any one cubic yard mbc under consideration may be summarized

as follows:

1. Vertical movement along a line of cement content holds the cement content

constant and trades water for aggregate in maintaining the volume of concrete at

one cubic yard. The water-cement ratio and slump during such vertical move-

ment are under continuous change.

2. Horizontal movement along a line of aggregate weight holds the aggregate

content constant and trades water for cement in maintaining the volume of con-

crete at one cubic yard. The water-cement ratio and slump are under continuous

change with such movement.

3. Movement along any line of water-cement ratio holds the W/C ratio of

the paste constant and trades the cement paste for aggregate in maintaining the

volume of concrete at one cubic yard. The slump is under continuous change

during such movement.

4. Radial movement in the system of dotted lines holds the proportion of

cement to aggregate constant and trades such combined cement and aggregate for

water in maintaining the volume of concrete at one cubic yard. The water-cement

ratio and slump are under continuous change during such movement.

5. Diagonal movement, parallel or coincident with any line of water content,

holds the water content constant and trades cement for aggregate in maintaining

the volume of concrete at one cubic yard. Such movement causes a continuous

change in the water-cement ratio but leaves the slump unchanged.

Useful Data For Designing Concrete Mixes

Approximate quantity of surface water carried by average aggregates.*

Very wet sand }i to 1 gal. per cu. ft.

Moderately wet sand about J4 gal. per cu. ft.

Moist sand about % gal. per cu. ft.

Moist gravel or crushed rock about % gal. per cu. ft.

The coarser the aggregate, the less free water it will carry.

Conversion F.^ctors

Water; (maximum density, 39.2 deg. F.)

:

1 gallon, U.S. liquid = 8.345 pounds
== 3.7S5 kilograms
= 0.134 cubic foot

1 gallon, British Imperial,

(Canadian) = 10.022 pounds
:= 4.546 kilograms
= 1.201 gallons, U.S. liquid

•(From Design and Control of Concrete Mixtures, 7th Edition, p. 17, published by the Portland
Cement Association.)
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1 cubic foot = 62.428 pounds
= 7.480 gallons, U.S. liquid

1 pound == 0.120 gallon, U.S. liquid

= 0.100 gallon, British Imperial

= 0.016 cubic foot

= 27.680 cubic inches

1 gram ^ 1.000 cubic centimeter

= 0.061 cubic inch

Weight Equivalents

1 Pound, Avoir. =; 0.45359 kilogram

1 Kilogram = 2.20462 pounds, Avoir.

Cement
(Averages generally assumed)

1 U.S. sack weighs 94 pounds and measures 1 cubic foot.

1 Canadian sack weighs 87.5 pounds and measures 0.93 cubic foot.

Water-Cement Ratio

A ratio of 1 U.S. gallon of water per U.S. sack of cement is equivalent to a ratio of

0.78 Imperial gallon of water per Canadian sack of cement.

Water-cement ratios expressed in terms of weight;

W/C,U.S.gal. W/C,by
per sack weight

4.00 0.36

.25 0.38

.50 0.40

.75 0.42

5.00 0.44

.25 0.47

.50 0.49

.75 0.51

6.00 0.53

.25 0.56

.50 0.58

.75 0.60

7.00 0.62

.25 0.64

.50 0.67

.75 0.69

8.00 0.71
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Part II

Apparatus and Procedure For the Testing of Aggregates

Apparatus

(a) Mixing Pan.—A galvanized-iron pan 3 ft. square and 2 in. deep is recommended.

However, a flat piece of metal about 3 ft. square or a clean wheelbarrow may be used

as the mixing area.

(b) Buckets.—Four 12-qt., galvanized extra-heavy buckets are recommended. A
square edged shovel or heavy trowel will be found useful.

(c) Scale.—One having a minimum capacity of 70 lb. with beam graduated in

increments of 0.02 lb. or less.

(d) Scale.—One having a minimum capacity of 1,000 grams and graduated in incre-

ments of 1 gram or less.

(e) Slump Cone.—Standard cone 4 in. in diameter at the top, 8 in. in diameter at

the bottom, and 12 in. high.

(f) Tamping Rod.—Bullet pointed, 5^ in. in diameter, and 20 in. in length.

(g) Measure.—A J^-cu. ft. metal measure, cylindrical in form and preferably pro-

vided with handles. It should be water-tight with top and bottom true and even, formed

to the accurate dimensions of 10 in. inside diameter and 11 in. inside height. It should

be constructed with sufficient rigidity to retain its form

under rough usage. Recommended thickness of metal is

Xo. 11 U.S. gage.

(h) A set of nested 8 in. diameter U.S. Standard

square mesh sieves of the following numbers.—No. 4,

No. 8, No. 16, No. 30, No. 50, and No. 100.

(i) A portable testing sieve equipped with the fol-

lowing square mesh screens.—-3 in., 2J^ in., 2 in., V/2

in.. 1 in., Y4 in., ^ in., J/g i"-. and No. 4.

(j ) A siphon can of such size and shape that it

will conveniently hold a 1000-gram sample immersed

in water, having a siphon arrangement similar to that

shown in the figure and provided with a receptacle for

catching the displaced water.

Tube soldered
to can

z"Siphon

-3"-

&"x 12"

Cy/indrica/

^3 Point support J

Siphon Equipment.

Note; This piece of equipment can be easily fabricated by the average railroad plumbing force. .\n

ordinary vegetable can may be used for collecting the displaced water.

(k) Drying Pans.—2—12 in. by 16 in. by 3 in. galvanized; 2—12-in. pie tins;

1—stirring spoon.

(1) One small electric hot-plate or other device for supplying heat.

Procedure For Tests

Reducing the Sample

The size of an aggregate sample will depend on the type and number of tests to be

made; generally samples of sand will contain not less than 50 lb. and samples of coarse

aggregate not less than 100 lb. To obtain for test a representative sample from these

quantities, the method of quartering should be used.

The method of quartering is as follows: The aggregate is placed on a clean flat

surface and is well mixed. A conical pile is formed at the center. The pile is flattened

by drawing the material outward from the center, and is marked into quarter parts

with a trowel or shovel. Two opposite quarters are removed and discarded—care being

taken to include the dust—and the remainder of aggregate is remixed. The process is
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continued until a sample of desired size is obtained. Each "quartering" results in halving

the sample. The principle on which the method is based is that any unequal distribution

of particles is offset by the selection of opposite quarters.

Grading Fine Aggregate—Procedure

1. Reduce the sample of sand for sieve analysis to a size that will give at least

500 grams (about 1.1 lb.) after being dried. The sample should be thoroughly mixed

and reduced in size while in the damp condition to avoid segregation of the particles.

Bring the sample to a free-flowing condition either by air-drying or the application of

heat. Avoid heating at any temperature higher than 230 deg. F. as excessive heating may

cause particle breakage.

2. Weigh the sample, recording the weight to the nearest gram. Separate the sample

into the various sizes by means of the specified series of sieves, starting with the No. 4

screen and continuing in order of decreasing screen size. The sieving should be done by a

combined lateral and vertical motion of the sieve, accompanied by a jarring action so

as to keep the sample moving continuously over the surface of the sieve. Fragments

should not be manipulated by hand, nor should weights be used in the sieves.

3. Weigh the fraction retained on each screen, recording the weight to the nearest

gram. Express the weight of each fraction as a percentage of the total weight, using the

nearest whole percent. Combine these individual percentages so as to express the cumu-

lative percentage retained on each screen. Compute the fineness modulus as outlined in

section 4 and S.

4. The fineness modulus is roughly proportional to the average size of particles in

a given aggregate; that is, the coarser the aggregate the higher the fineness modulus.

It is computed by adding the percentages by weight coarser than each of the following

U. S. Standard sieves and dividing the sum by 100: 3 in.; 1^4 in.; 54 i^i-; H in.; No. 4;

No. 8; No. 16; No. 30; No. SO; and No. 100. Although it does not distinguish between

a single-size aggregate and a graded aggregate having the same average size, it is useful

in connection with normally graded aggregate. It is used for specification and record

purposes and for controlling grading and uniformity. AREA Specifications For Concrete

and Reinforced Concrete Railroad Bridges and Other Structures—Proceedings, Vol. 45,

1944*—require that the fineness modulus of a shipment of fine aggregate shall not vary

more than 0.20 either way from the fineness modulus of an approved preliminary sample.

5. The following tabulation shows a typical analysis of sand with computation for

the fineness modulus:

Original weight of sample = 568 grams

Individual Individual Cumulative
Screen weight re- percentage percentage

No. tained, grams retained retained

4 23 4 4

8 62 11 IS

16 125 22 37

30 142 25 62

SO 130 23 85

100 74 13 98

Pan 11 2

Totals 567' 100 301

301 -^- 100 = 3.01 Fineness Modulus

* See also AREA Manual, p. 8-1.

1(1 gram lost in analysis.)



Masonry 463

Grading Coarse Aggregate—Procedure

1. Reduce the sample for sieve analysis so as to retain at least 22 lb. multiplied by

the size of the mesh, in inches, of the largest sieve required.

2. With the sample in an air dry condition, separate it into the different sizes by

means of the various screens in a manner similar to that described for the fine aggregate.

Record the results in the same manner.

3. The fineness modulus of the coarse aggregate is computed by adding the cumu-

lative percentages retained on the 3 in.; 13^ in.; 54 in-! ^ i"-; ^"^ No. 4 screens, divid-

ing the sum by 100 and adding 5.00 to the result. The 5.00 represents the sum of the

percentages retained on the five sand screens, finer than the No. 4, divided by 100.

The specifications should state the grading desired for the various maximum sizes

of coarse aggregate.

Determination of the Condition "Saturated .and Surpace-Dry"

To bring an aggregate to a condition where it may be classed as "saturated and

surface-dry", the aggregate must be saturated and contain an excess of moisture on the

surface of each of the particles at the start of the determination. The surface-dry condi-

tion can be readily obtained with the coarse aggregate by drying the pieces with an

absorbent cloth and then air-drying until the color begins to change from dark to light.

With the fine aggregate, the determination of the point at which a surface-dry condition

exists is somewhat more difficult. A method that has been found practical for field appli-

cation utilizes the familiar quart mason jar. As the sand, through visual inspection

approaches the desired condition, tests are started. The test consists of placing a handful

of sand in the dry jar and, with the use of both hands, vigorously shaking so as to

bring the sand into sudden and sharp contact with the side walls of the jar. When the

grains of sand fail to adhere to the glass sides, the material may be considered as having

reached the surface-dr}' condition. Another method, that will give satisfactory practical

results, consists of cupping the sand between the palms of the hands with the edges of

the palms resting on the surface of the support upon which the test is being made. At

that point in the series of tests when the sand fails to retain its cupped shape upon

removal of the pressure exerted by the hands, the material will have reached the desired

condition.

Heat should not be employed in bringing the aggregates to a surface-dry condition,

since heating causes the interior moisture to be evaporated along with the surface mois-

ture. The time required for surface-drying the fine aggregate can be appreciably short-

ened by spreading the wet sand in a thin layer on a metal surface. Placing in the sun,

turning and stirring continuously, will assist in evaporating the surface moisture. Spread-

ing the sand in thin layers on absorbent newspaper has been found helpful ; also, sifting

the sand by hand through the air will assist in shortening the drying period.

Determination of Bulk Specific Gravity

For practical purposes, the bulk specific gravity of aggregates from a given source

of supply may be considered as constant. The value, once determined, requires only

occasional checking. Average specific gravity of sand, gravel, and limestone is 2.65;

granite will average 2.70, and certain of the igneous rocks, such as diabase, will be found

as high as 2.95.

Procedure:

1. A siphon can is filled with water and allowed to siphon to the cut-off point.

2. A representative sample of the aggregate in a saturated, surface-dry condition is

accurately weighed. (Note A).
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3. The sample is slowly introduced into the can. During this process it will be

necessary to keep the siphon tube stoppered, by finger or plug. (Note B)

4. After the sample is completely immersed, the siphon shall be allowed to start.

5. The displaced water shall be caught in a container and weighed.

6. The bulk specific gravity, saturated, surface-dry basis will equal—
Where, b = weight of saturated, surface-dry sample

D = weight of water displaced by the sample

Note A: Minimum weight of sample should be 1,000 grams.

Note B: In introducing sand into the can, it should be allowed to sift slowly through

the water to avoid entraining any air.

Determination of Absorption and Moisture Content

Tests for absorption and moisture are made for the purpose of (a) determining the

amount of water absorbed from, or contributed to, a concrete mixture by the aggregates,

and (b) determining the necessary adjustments in weight to secure uniform quantities

of aggregate in the batches.

Aggregates are encountered in one of four possible conditions with respect to mois-

ture, e.g.,

1. Oven-dry, or completely dry and fully absorbent.

2. Air-dry, or dry on the surface but containing some interior moisture less than

the amount required for saturation, hence somewhat absorbent.

3. Saturated and surface-dry, an ideal condition in which the aggregate neither con-

tributes water to, nor absorbs water from, the concrete.

4. Damp or wet, containing an excess of moisture on the surface of the particles,

thus contributing to the water added at the mixer.

Since computations for proportioning and batching are based on aggregate in a

saturated, surface-dry condition, and since this ideal condition is not encountered in the

field, in order to express our measurements on damp or dry aggregate in terms of the

equivalent amount of saturated, surface-dry aggregate it becomes necessary for us to

ascertain the absorption capacity and the total moisture content of the materials with

which we are dealing.

Absorption:

The total absorption capacity of a given aggregate, as in the case of bulk specific

gravity, may be considered constant. It usually amounts to one percent or less for the

ordinary aggregates although absorptions of two and three percent are not uncommon.

To determine the absorption capacity of an aggregate, a sample (Note) is immersed

in water, thoroughly agitated to remove dust or other coatings, and allowed to absorb

water for 24 hours. It is then removed from the water and brought to a saturated,

surface-dry condition. The sample is immediately weighed, then completely dried to con-

stant weight by the appHcation of heat, and reweighed. The percentage of absorption,

oven-dry basis, is expressed as:

b — c

P = ^ X 100

Where: p = Percentage of absorption, by weight, oven-dry basis.

b = Weight of sample, saturated, surface-dry condition.

c = Weight of sample, oven-dry condition.

Note: Recommended size of samples: Fine aggregate, 500 grams to 1,000 grams.

Coarse aggregate, 5 lb. to 10 lb.
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Moisture:

The test for determination of surface moisture is one of routine daily procedure.

The magnitude and nature of the work will dictate the number of moisture tests to be

made daily. Usually two tests are sufficient, one made at the start of the daily operations

and the other made during the day for check purposes. The average stock pile maintains

a reasonably uniform moisture content, and the necessity for adjustment of the batch

weights normally will be found confined to exceptional periods such as are encountered

immediately following a rain fall.

For either fine or coarse aggregate, the surface moisture may be determined directly

by weighing the moist sample, air-drying it to a saturated, surface-dry condition, and

reweighing. The sample should consist of at least 1,000 grams of material. The percentage

of surface moisture is expressed as:

a — b
P =

1
X 100

Where: P = Percentage of surface moisture, by weight, saturated, surface-dry

basis.

a = Weight of moist sample.

b = Weight of sample, saturated, surface-dry.

A more rapid method that obviates the work of surface drying the aggregate con-

sists of weighing the moist sample, thoroughly drying it by means of heat to constant

weight, and reweighing. The oven-dry weight thus obtained is converted to a saturated,

surface-dry weight by applying the percentage of absorption previously ascertained, thus:

where: b = Weight of sample, saturated, surface-dry.

c = Weight of sample, oven-dry.

p = Percentage of absorption, by weight, oven-dry basis.

With the saturated, surface-dry weight of the sample known, the percentage of surface

moisture is readily calculated.

Aggregates that appear to contain no surface moisture should be tested by the above

method of heating. The percentage of surface "moisture" in this case will be either zero

or negative. A negative value indicates that the aggregate is capable of absorption. When
aggregate is used in this condition, the mixing water must be increased by the amount

that the aggregate will absorb.

A method that permits determination of the surface moisture, without the necessity

for drying the aggregate, is found in the siphon can procedure that follows. The bulk

specific gravity of the aggregate must be known. A variation of 0.05 in the specific

gravity value, will introduce an inaccuracy of 1.0 to l.S percent in the value obtained

for moisture.

The procedure is the same as that previously recorded for the determination of bulk

specific gravity, steps 1 to 5, with the exception that the sample is tested in the moist

condition as it comes from the stock pile, and its moist weight must be exactly 1,000

grams. The percentage of surface moisture may be calculated by the formula:

(W — D) 100
Surface moisture, percentage by weight, saturated, surface-dry basis =—. ^^n m/

—

Where: W = Weight of water, in grams, displaced by damp sample.
D = Weight of water, in grams, displaced by a 1,000 gram sample of

saturated, surface-dry material. (Note)
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a.= vwe/aht of stock pile sample
b= vJeiqht of sample when broucjl:!

to a saturated surface-dry condition

Curves located on t)a5is of I qal waler = 8- 345 lb.

-Percent of Moisture Expressed in Gallons per 100 Lb. of

Stock Pile Aggregate.

The gallons of surface moisture in any given weight of stock pile aggregate may be

expressed thus.

Surface moisture, in gal., contained
in Wa pounds of stock pile aggregate

WaP
S.345 (100 + P)

Where: P = Percentage of surface moisture, by weight, saturated, surface-dry basis.

Fig. 3 gives the surface moisture direct for positive moisture percentages up to 10

percent and negative moisture percentages up to S percent; the moisture is expressed in

gallons of water per 100 lb. of stock pile aggregate.
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Report on Assignment 1

Revision o£ Manual

John Foley (chairman, subcommittee), R. S. Belcher, T. E. Bliss, W. J. Burton, R. E.
Butler, T. H. Friedlin, W. E. Gardner, B. D. Howe, C. T. Jackson, R. B. Midkiff,

E. F. Salisbury, W. D. Simpson, A. W. White.

The matter on Manual pages 3-16.2, 17 and 19, entitled "Methods and Practices

for Proper Seasoning of Ties, with Particular Reference to Increasing the Service Life"

and "Care of Ties After Distribution" does not include the information supplied in the

1933 and 1937 reports on "Most Economical Method of Distributing Ties from Treating

Plants to Points Where They Are To Be used," "Economical Uses for Old Ties Which

Must Be Removed from Track and Bridges," and "Best Practice from the Manufacture

of the Tie to its Installation in Track."

To make available in one place the procedure which the committee considers desir-

able, it is recommended that the related matter on Manual pages 3-16.2, 17, and 19 be

deleted and be replaced by the following statement of recommended practices.

THE HANDLING OF TIES FROM THE TREE INTO THE TRACK

The selection of the kinds of wood, the sizes of tie, the preservative, and the pre-

serving process requires studies of conditions on each distinctive portion of a railroad,

with careful consideration of climate, location with relation to sources of tie supply,

locations of or for wood-preserving plants, and character of traffic. The best practice

for a given part of a railroad depends on factors which vary locally to an extent which

makes feasible only the following recommendations of good practice which generally is

applicable.

Manufacture

Investigations of the moisture content of standing trees prove that during winter

they contain as much sap as during other seasons. Consequently, cutting them during

spring or summer does not result in ties having more moisture than would otherwise

be the case. However, winter cutting is advantageous to the extent that then the cut

surfaces of logs and ties are exposed first during cold weather, when fungi and insects

are least active. By the time warm weather comes, winter-cut forest products are usually

out of the woods (where destructive agents are most prevalent) and become partly

seasoned, which decreases the tendency for fungi to develop and reduces the liability

to insect attack. Because winter cutting is not everywhere practicable, owing to climatic

or other conditions, it is necessary in most sections that ties be manufactured throughout

the year. Entirely satisfactory ties have been and can be produced during any season

if proper precautions are observed.

Specifications

Tests manufactured and purchased in accordance with AREA specifications will meet

requirements as to quality and size which assure the greatest economy in wood utilization

and maximum service in track.

Piling in the Woods
Soil generally teems with fungi, and is usually moist enough to dampen any wood

in contact with it, thus providing the source of infection and the conditions conducive
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to its propagation. Consequently tics which must be stored temporarily in the woods

are a liability unless arranged in well-ventilated stacks clear of the ground on sound

sills. Proper precautions to prevent any contact of ties with the forest fioor are impor-

tant, since much subsequent decay is attributable to infection resulting from careless

handling in the woods.

Transport

Conditions in the woods are conducive to prompt infection by and rapid develop-

ment of decay, and logs or ties allowed to remain there may soon be expected to suffer

from the effect of growing fungi spores. Therefore ties should be moved from the woods

to a sanitary yard without delay and subsequently shipped as soon as inspected to a

seasoning or storage yard where they can be cared for properly.

Shipping ties in railroad cars is preferable to moving them in barges or rafts, because

every time a tie is wetted the Ukelihood of decay is increased.

During periods of high humidity or temperature ties transported in barges or closed

cars should be unloaded promptly.

When ties are moved from the woods to where they are to be inspected at railroad

yards or river landings, the possibility of infection by fungi continues. Assurance against

decay while ties await inspection and shipment requires that they be stacked on dry

ground bare of debris or vegetation for at least two feet around each stack and so

well drained that water will not stand under the stacks or in their immediate vicinity.

Decaying wood debris is especially objectionable.

Stacked as specified in AREA specifications, on foundations free of decay, the open

cribs of ties will not only provide sufficient ventilation to prevent decay but will facil-

itate inspection. The heaping of ties in ricks on the ground without sills or spacing is

conducive to their rapid decay, and ties so stored are to be viewed with suspicion, as

are ties which have been standing on their ends.

Inspection

Ties should be inspected for acceptance as soon as practicable after their manufac-

ture in order to avoid delay in delivering them to a wood-preserving plant seasoning

yard or other sanitary storage site.

While awaiting inspection, ties should be stacked in accordance with paragraph 601

of AREA Specifications for Cross-Ties and Specifications for Switch-Ties.

Accepted ties should be so branded as to show not only their railroad ownership

but the size paid for and the identity of the inspector responsible for their acceptance

(see text on Marking Ties to Indicate Acceptance, in the Manual)

.

Conditioning

Ties for use without preservative treatment do not require seasoning prior to their

installation in track. Ties to be treated should be conditioned in accordance with AREA
Wood Preserving Plant Practice.

The ties in a seasoning stack should comprise only those cut at approximately the

same time, in order that all may be ready for treatment together; otherwise some may
decay before the others are sufficiently seasoned to treat.

Ties treated with salts or by boiling in oil should be seasoned after treatment for

at least two months before they are inserted in track.

Control of Splitting

Ties check and split less when stored in comparatively sheltered situations, where

the reduction in the moisture content is not so rapid as to cause the extreme external

stresses which result in split.
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The placement of ties in storage yards also influences their splitting; the stacks of

ties should not extend in the direction of the prevailing wind and the ties of the top

layer on each stack should be laid with their tops (width having the more sapwood)

upwards.

Ties of hardwoods prone to split should have anti-splitting devices meeting the

requirements of AREA Specifications for Devices to Control the Splitting of Wood Ties

inserted in each end as outlined in AREA Application of Anti-Splitting Devices, or their

ends should be coated or impregnated with a chemical which retards splitting through

stabilizing the movement of moisture in wood, but which will not contaminate nor inter-

fere with the penetration of a preservative.

When lack or improper application of either chemical or mechanical control of

splitting results in the development of large splits in enough ties to justify the operation,

the ties so affected should be accumulated prior to treatment, their split ends brought

together by an appropriate squeezing device, and bolts or dowels inserted to hold the

parts together.

Machining

Ties should be adzed and bored just prior to treatment for the purpose of insuring

the requisite even support for tie plates, the minimum destruction of wood when driving

spikes, the maximum holding power of spikes, and effective penetration of the preserva-

tive around the spike holes. Woods which resist the penetration of preservatives should

be incised to provide protection from decay to an effective depth. These three operations

shall be done as provided in Specifications for Machining Cross-Ties.

Storage

For use as a storage area, ground should be bare of debris or vegetation for at least

two feet around every stack of ties and clear of vegetation over six inches high within

10 feet of any stack and so well-drained that water will not remain under the stacks

or in their immediate vicinity. It is especially necessary that all decaying wood debris

be removed. Stored ties of any kind should not be accumulated in groups of stacks with-

out adequate spacing between the groups to permit fire control nor without the main-

tenance of bared or plowed ground at least three feet wide around the storage yard

wherever fire from adjacent areas may spread.

Ties for use untreated should be stacked so as to provide free circulation of air,

minimum contact of surfaces, and ma.ximum economy of space consistent with econom-

ical handling, for which purposes the best stacks are one or two by seven to nine, de-

pending on the width of the ties (Figs. 302, 303, and 304), except when or where the

ties would be subject to splitting from too rapid drying. At such times or in such locations

semi-solid stacks (7 to 9 by 7 to 9) with the end ties on their sides (Fig. 305) should

be employed. No stack should be over 20 layers high, and the bottom layer should be

kept at least 12 inches above the ground. Decayed ties should not be used as sills, nor

untreated ties if treated ties or non-decaying materials are available. Ties for use only

after preservative treatment should be stored in accordance with AREA Wood Preserving

Plant Practice.

It is essential that ties be grouped properly in order to assure their successful treat-

ment. Grouping ties by genera or species will give best results. Thus fir, gum, oak. and

pine should be stored (and treated) separately. Beech, birch, and maple are examples

of woods which may be combined. Pines and other coniferous woods can be separated

advantageously according to percentages of sapwood.
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Ties in excess of those needed for prompt insertion in track, and which are to be

stored after treatment, should remain at wood-preserving plants until required, in order

to provide better care and a more flexible supply than is practicable when any surplus

is stored along the railroad.

Only ties of approximately the same dimensions and moisture content should be

stored and treated together; large and small or green and seasoned ties should not be

combined.

Preservation

All ties should be subjected to a preservative treatment to prevent their decay. To

determine the most economical treatment requires careful and complete studies of the

woods available; preservatives available; types of drainage, roadbed, and ballast in-

volved; amount and speed of the traffic to be handled; weight of the equipment to be

used; and climatic conditions.

The preservative treatment of ties should be in accordance with AREA Specifica-

tions for Treating Processes and Wood Preserving Fundamentals.

More effective penetration with a given amount of preservative is obtained by

means of an empty-cell (Lowry or Rueping) process than when a full-cell (Bethell or

Burnett) process is applied.

For satisfactory results from any wood-preserving process, ties must be sound and

properly prepared for treatment. Preservatives will not make weak woods strong nor

restore the strength of ties weakened by decay. Neither the preservative nor the heat of

the treatment can be expected to kill all the fungi in infected or partially-decayed ties;

any fungus present may continue to grow and destroy completely the interior of a tie

when there is an area not penetrated by the preservative. It is of utmost importance that

ties be treated as soon as they are sufficiently seasoned; treatment should not be delayed

until they are needed for use.

The quantity of preservative used should assure that the tics will be free from decay

as long as they are substantial enough to serve their purpose; the mechanical destruction

of ties treated with ample quantities of effective preservatives is retarded by the protec-

tion of the surface against decay, and drying is prevented to the extent that the wood

fibers do not soon break and "broom". More preservative is needed in woods which are

treatable throughout than in those penetrable only to an extent determined by the pro-

portion of their sapwood. Treatment in time means that decay had had inadequate

opportunity to develop, that checking is less extensive, and that deeper penetration by

preservative is possible. On the other hand, if ties are not treated when they become

ready, they are likely to be checked seriously, split, case-hardened, or decayed.

Care After Preservative Treatment

It is important that treated ties be handled carefully and in such a manner that

the protective band of preservative-impregnated fibers will not be broken and the unim-

pregnated wood underneath thus exposed to decay infection. On the surfaces of ties

having exposed heartwood which resists penetration, the treated area is only a small

fraction of an inch thick.

In the cases of most hardwoods it is not economically possible to penetrate the

heartwood with preservative to a desirable depth, and so it is cs.sential to avoid any

puncture of the treated sapwood. An incision made by a s^harp tool such as a pick or

shovel will provide the opening through which decay can enter. Bruised fibers resulting

from blows of mauls provide pockets of moisture which create conditions conducive to

decav.
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Distribution

The conditions surrounding the distribution of ties in various localities differ so

greatly that it is impracticable to single out any particular procedure as universally

superior. Careful study by all departments concerned is required to determine the best

method of moving ties from each point of storage.

In all cases, all costs involved in tie distribution must be considered in choosing the

most economical method. They may include additional expense for extra handling at a

wood preserving plant, unloading unsuitable cars, back haul of empty cars, rehandling

ties unloaded at wrong locations, etc.

It is usually desirable or necessary to give preservative treatment to some ties con-

siderably in advance of the time they will be required in track, in order to spread the

treating-plant schedule over a longer period than the months embraced in the normal

season for tie renewals, and also because ties should be treated as soon as sufficiently

seasoned to avoid decay and splitting. When ties will be ready for treatment cannot be

foretold with certainty, due to variations in their moisture content when received and

in the weather while they season; but since the period for renewals is fixed and hmited,

some leeway in estimating the readiness of ties for treatment is allowable.

The lack of storage space and the cost of stacking and unstacking stored ties at

wood-preserving plants is responsible for the practice of shipping ties as they are treated

to the points where they are to be inserted in track or to station grounds or storage

yards where they are stacked and held for subsequent distribution.

Studies at several locations have indicated that considerable economy can be affected

by storing treated ties at wood-preserving plants and distributing them as they are

required. This procedure avoids the reloading and reshipment or hauling for long dis-

tances of ties delivered at wrong places due to a change in plans.

The most common and generally satisfactory method of moving ties from storage

stocks is by way freight, a car at a time, which permits the use of cars as they are

available, of types which will minimize the hauling of empty cars, and of other practices

which result in operating economies.

The distribution of ties by trainloads develops economies where conditions lend

themselves to that procedure. By resorting to special methods of stacking the ties, they

can be loaded onto flat cars by means of locomotive cranes, which simplifies their un-

loading on the right-of-way. When ties are so distributed, the movement of the train

and the work of the tie handlers or section men should be supervised by the trainmaster

and the roadmaster. The latter should have records of the number of each kind and

size of tie on each car and of where they are to be unloaded—between pairs of telegraph

poles or at other fixed locations. By thus placing the desired ties close to where they

will be used in track, the trucking and rehandling is reduced to a minimum.

Effectively organized and supervised, the distribution of ties by trainload is most

economical within the area adjacent to the wood-preserving plant where trains may be

operated at low rates of speed. Where the territory to be served is a considerable dis-

tance from the wood preserving plant, it is doubtful if ties can be transported econom-

ically on flat cars. However, in some cases ties can be distributed by special trains of

other types of flat cars, or of special cars designed for the purpose.

Care During and After Distribution

Ties should be so handled as to avoid breaking or bruising them; they should not

be thrown from cars onto rails or rocks nor pulled with picks.

Hardwood ties received without anti-splitting devices in them should be ironed

before they are placed in track.
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Distributed tics should be stacked as shown for the respective sorts in Figs. 302

to 307. Creosoted ties should be covered with cinders or earth wherever exposed to

sparks from locomotives.

Care During and After Installation

Ties should be moved only with tongs so as to minimize any damage incident to

handling them ; bars, chisels, forks, mauls, picks, punches, shovels, and sledges should

not be used in moving ties or placing them in position beneath the rails.

Ties should be protected from excessive abrasion under the rail by the application

of tie plates of sufficient base area and thickness to distribute the traffic loads ade-

quately. The least damage to ties as well as the smoothest track results from the use of

plates having bottoms which do not necessitate the impact of traffic to seat the plate.

Tie plates should be so placed as to distribute the traffic loads evenly through the

portion of the tic beneath them.

Ties should be adzed only in cases of necessity, as where the rail is rclaid or the

size of the tie plate is changed, and when the damage due to a derailment involves the

removal of splinters and crushed wood fibers.

Creosoted tie plugs should be driven into used spike holes; but not into piebored

holes into which spikes have not yet been inserted.

Ties located where locomotive ashpans are regularly emptied should be covered

with metal sheets to minimize the likelihood of burning them.

Ties which start to split while in track should have anti-splitting devices applied

promptly.

Damage to ties from slewing as a result of rail creeping or running should be pre-

vented by adequate anchoring of the rail.

Renewrals

Although differences in operational organizations and physical conditions on the

various railroads, make it impractical to formulate a procedure that is applicable every-

where, no phase of track maintenance is more important than the selection of the ties

to be renewed in a given year. Improper tie renewals over a period of years are sure to

be costly, and may prove to be disastrous, whether the replacements are too few or

loo many.

The total number of ties required to maintain satisfactory track in one year is

rarely the same as the number renewed during the previous year or the average renewals

over any period. Therefore careful inspection of the ties in track will provide more

dependable information than any assumptions based on statistics.

Whatever method is used in the inspection and selection of the ties to be renewed,

the procedure should be so planned as to provide a record of the system requirements

as distinguished from those of a section or division. Training and experience for those

making inspections of ties in track are necessary to assure uniformity in their procedure

and consistency in their conclusions.

Each tie to be removed is generally identified by a mark on the tie or on the rail

above it. Absolute adherence to this marking is required in some instances. More often

the foreman is allowed to leave some marked tics and to remove some unmarked ties,

provided the total number removed do not exceed the authorized renewals. Ordinarily,

only ties which are useless where they are should be removed; but when track is given

a general out of face overhauling, as when ballast is strengthened or rail relaid, the

removal of ties deemed serviceable for only a year or two longer is economical.
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Records of inspections of ties in track detailed as to locations by telegraph poles

or other short stretches having easily recognized landmarks aid in the unloading of ties

where needed and thus avoid expensive extra handling.

Ties of the woods and sizes best suited for each location should be selected for

use in the tracks where they will prove most serviceable.

Ties of the harder woods in stock should be used on curves, on long descending

grades, at ends of open deck bridges, and where speeds are comparatively high.

Untreated ties should be placed in track with the wide surface having the most

heartwood down; treated ties should be placed in track with the wide surface nearer

the pith down, or if the pith is not present in the tie, with the wider surface down.

If the pith is midway between the wide surfaces, the wider of the two is the bottom

of the tie.

Ties should be laid square across the track; i.e., at right angles to the rails.

Care should be taken to drive spikes in a vertical position.

Salvage

While the reclamation or salvage of ties is sound in principle and highly desirable,

it can easily be overdone. To guard against any tendency toward false economy resulting

from loyalty to reclamation as such, all costs must be considered. Complete records of

all expenses connected with picking up, piling, preparing, and shipping ties for reuse

should be kept for comparison with the prices of other materials for a given purpose,

together with the respective costs of installation. Expenditures for handling and hauling

ties no longer serviceable in track may confine their reuse to locations close to where

they are removed from track.

The most economical use of ties is to leave them in their original locations until

they are so decayed or mechanically worn that they cannot serve their purposes any

longer. However, in connection with general track reconditioning, as when ballast and

rail are being renewed, it is usually economical to replace ties near the end of their serv-

iceability, in order that the track need not be disturbed again for several years. This

procedure is desirable in heavy-traffic, high-speed lines where tie renewals are expensive

and the disturbance of refined track surface is especially inadvisable.

Ties still serviceable enough for economical reuse become available when lines are

abandoned and tracks are taken up; when the renewal of all ties in tunnels, in road

crossings, or at station platforms releases them; and when ties under heavy traffic have

to be removed because their service in such track is no longer satisfactory as a result of

mechanical wear.

Ties removed from track should be carefully inspected and sorted into those fit for

reuse in track and those suitable only for other uses.

The cost of handling and installing ties makes their reuse in track uneconomical

if the estimate of their life in a new location is less than five years, or three years when

they are reused turned over in main track near their original location.

Generally, second-hand usable ties have had their original quality lowered, and in

consequence their reuse should be confined to tracks of lesser importance, such as those

in light traffic branch lines, sidings and yards.

Ties reusable in track should be inserted with the same surface up as was the top

of the tie in its original location. Only when careful adzing of that surface will not

provide satisfactory seats for the tie plates should ties be turned over.

All spike holes in reused ties should be filled with tight fitting creosoted plugs.
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The tie plugs can be inserted and the creosote applied to the plate-bearing areas

advantageously as the removal of the rail progresses during the recovery of serviceable

ties from branch lines or side tracks being dismantled.

All adzed or cut surfaces should be coated liberally with creosote, preferably hot.

Ties unfit for reuse in standard gage track have possible uses as follows:

Fence posts.—In cases where the removal of decayed and splintered wood to reduce

the fire hazard leaves sufficient sound wood to make a substantial post, large ties should

be split to avoid excessive digging in order to set such ties as posts.

Short intermediate posts in woven wire, hog-tight fence can be made by cutting off

the decayed or shattered ends of ties.

Narrow gage ties.—Cutting off the useless ends of ties will ."ihorten them for reuse

in tracks of material, repair, or seasoning yards.

Current retards.—^Set on end and spaced as the desired result requires, ties useless in

track will divert water and thus control erosion for a period justifying their use for

that purpose.

Crib walls.—Rectangular ties are more suitable than round ties for such construction.

Mud sills.—Unusable ties serve satisfactorily to support stacks of tics or other mate-

rial off the ground.

Pai'ing.—Where more elaborate paving is not justified on motor-car set-offs or in

stock yards, unusable ties provide a durable, serviceable pavement.

Scrap bins.—At section houses and elsewhere ties no longer useful in track can be

cribbed to provide receptacles for material to be reclaimed or discarded.

Labor exchange.—Owners of land adjacent to the right-of-way may have uses for

old ties and be willing to pay for them by such work as grading, mowing weeds, plow-

ing fire lines, etc.

Sale.—Neighborhood demands for wood as fuel or other use may provide a market

which will absorb ties no longer desired by the railroad.

Report on Assignment 4

Tie Renewals and Costs per Mile of Maintained Track

John Foley (chairman, subcommittee). S. B. Clement.

The tabulations of cross tie statistics were given advance publication in Bulletin

446, June-July 1944, in order to make the information available as promptly as possible.

As stated in past Proceedings, the costs reported are influenced by charges which

are not composed of the same items on every railroad. Likewise, the differences in quan-

tities are not understandable without knowledge of the conditions and practices on

individual railroads.

The data reported annually to the Interstate Commerce Commission by railroads in

the United States and to this Association by railroads in Canada will be presented hence-

forth in the form adopted for the 1943 statistics, which consolidates Tables A and B of

previous years. The new arrangement saves paper, brings related items together, avoids

duplication of columns and gives all the figures for each road on one sheet.

The rise in the cost of ties which began in 1941 continued through 194.% and shows

that the supply did not equal the demand.
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A decrease in the mileage of maintained track lowered the total number of ties

applied, which included fewer second-hand ties than were used during recent years,

indicating that ties are being worn out in their original beds.

The average number of new wood cross ties installed as renewals was no higher in

1943 than the average for 1939-1943. which refutes assertions that unnnecessary renewals

were common during 1943.

Few railroads averaged less than 15 years of service from their ties during the past

few years and more averaged over 25 years, indicating that renewals exceeding five

percent of all the ties in track are the result of local conditions peculiar to the railroad

obtaining less than 20 years' average service from its ties.

Report on Assignment 5

Cause and Control of Splitting in Railroad Ties

R. E. Butler (chairman, subcommittee), R. S. Belcher, W. C. Bolin, W. H. Brameld,
H. F. Brown, W. J. Burton, H. R. Duncan, B. D. Howe, Roy Lumpkin, R. B.

Midkiff, A. W. White.

This is a progress report submitted as information, with the request that the subject

be continued.

Consideration is being given to bands, bolts and spiralled dowels as devices to pre-

vent splitting or to close splits, but no conclusions have as yet been reached regarding

the economy in their use. The conventional strips effectively driven into the ends of ties

serve satisfactorily in controlling the normal splitting incident to customary seasoning,

but more costly contrivances may be justified when abnormal splits are encountered.

The location of a yard in which ties will season is a factor in their liability to split

—less checking and splitting occurs in comparatively-sheltered situations, where the

reduction in moisture content is not so rapid as to cause the extreme internal stresses

which result in splits.

The placement of ties in seasoning yards also influences their splitting—the stacks

of ties should not extend in the direction of the prevailing wind and the ties of the top

layer on each stack should be laid with their tops (width having the more sapwood)

upward.

The artificial seasoning of wood in conjunction with its preservative treatment is

claimed by the proponents of some such procedures to markedly limit checking and

splitting. Contact with the experiments being made will be maintained in order to deter-

mine whether ties subjected to alternating cycles of vacuum and vapor require the

application of anti-splitting devices.

Tests of chemicals which can be sprayed or sprinkled on lumber continue, and such

impregnants promise satisfactory results in retarding the deep check of longitudinal

surfaces.

On sticks having cross sections smaller than those of ties, end coatings have proved

practicable and it is possible that one or more substances effective on tie ends will be

developed. In the cases of those so far tried by a member of the committee, checks and

splits were present in the ties when the coated ends were cut off.
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Report of Committee 17—Wood Preservation

H. R. Duncan, Chairman,
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10. Development of specifications for treatment of wood to prevent its destruc-

tion by fire: (a) including chemicals; (b) methods of treatment; and

(c) methods and interpretations of tests.

No report.

11. Means of conserving labor and materials, including the adaptation of sub-

stitute non-critical materials, and specifications for the reclamation of

released materials, tools and equipment, collaborating with Committee 3.\

—General Reclamation of the Purchases and Stores Division, AAR.

No report.

The Committee on Wood Preservation,

H. R. Duncan, Chairman.

Report on Assignment 2

Service Test Records of Treated Wood

A. J. Loom (chairman, subcommittee), T. H. Friedlin, W. R. Goodwin, O. E. Hager,

H. L. Holderman, R. S. Hubley, R. P. Hughes, W. V. Kerns, 0. C. Steinmayer,

T. H. Strate, W. A. Summerhays.

This report is presented as information.

Reports of special test records of ties are submitted for the following roads:

Chicago, Milwaukee, St. Paul & Pacific.

Northern Pacific Railway.

Inspection reports for 1944 are submitted also by the U. S. Forest Products Labo-

ratory covering the Hartford, Wis., Fair Grounds and University Avenue (Madison,

Wis.) test tracks of the Chicago, Milwaukee, St. Paul & Pacific.

Northern Pacific—Tamarack Test Track

44,159 Hewed Minnesota tamarack ties placed between Mile Posts 88 and 103J/2 in

eastward main track. Rice to Gregory, Minn.

Treated at Brainerd, Minn., with 80-20 creosote-coal tar solution, 6^4 lb. per cu. ft.,

by Lowry process and placed in track in 1917.

Renewals

None previous to 1928.
1928

—

1 Account decay. Partially decayed when treated.

1929

—

239 Account derailment.
1931

—

3 Account decay.
1935

—

214 Decay at rail base and mechanical wear.

1936

—

1, 785 Decay at rail base and mechanical wear.

1937

—

3, 002 Decay at rail base and mechanical wear.

1938

—

3, 454 Decay at rail base and mechanical wear.

1939

—

2, 448 Decay at rail base and mechanical wear.

1940

—

8, 872 Decay at rail base and mechanical wear.

1941

—

6, 996 Decay ar rail base and mechanical wear.

1942

—

8, 497 Decay at rail base and mechanical wear.

1943

—

4, 719 Decay at rail base and mechanical wear.
1944

—

2, 891 Decay at rail base and mechanical wear.

43, 121 ties renewed. 98% after 27 years.

Actual Average Life of Ties Renewed—23.48 years.
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Northern Pacific—Hemlock Test Track

(Designated by U. S. Forest Service as Project L-214)

1,800 Montana-Idaho hewed and sawed ties placed between Mile Post 120 and Mile

Post 121 + 2350, westward main track, Missoula, Mont.

Treated at Paradise, Mont., with 80-20 creosote-coal tar solution, 6^4 lb. per cu. ft.,

Lowry process, and placed in track in 1910.

Summary of Ties by Species

Ponder-



482 Wood Preservation

n



Wood Preservation 483

<-c iN'^N «N«MeO"5

•-" o f u5 05 in

ooio©05eoN
•-icoejioec

Motocote

NC t- t-ic

00 c •»•.-• t- in

oc mco-^05 1-

K in^Tfrit-

o> t- -^ ;c in Tt in

O^ t- 1—
I CO m -^ ;c

ooo

W05



484 Wood Preservation

0!!

M



Wood Preservation 485

003MOCO:

woo

t-oooo
OCOC OOO
ococ tcco

t-Tj"oOO

,oc

ccoo oo
iC iC LC LC iA

S 3
a.S

eaco

p
3 »

-S o rt o <^

a>

0) 0) 0^

1:3 -S

O O O ^ c;

O U <J 4) 1)

.S.S.S c c

o t^ rt 'U

O-Q-

rt +2 2 -2

,^1^.2 2

_ •rPiJS ID m
C, • t _^ O O CD

.2<^3M0 2i CO

c c o N 2 *

a 0.2- c2 3 ..„
'3^ ?,-« o >- o S °i a; ?f t^^ CO m o
•5.^ >- CO ""^-^^
g-co r C ajo~5 —

jj^-a ^d) g "-^ -C



486 Wood Preservation

f<

l-l



Wood Preservation 487

Report on Assignment 4

Specifications for Creosote-Petroleum Mixture

R. S. Belcher (chairman, subcommittee), Walter Buehler, G. B. Campbell, H. B. Car-
penter, W. R. Goodwin, R. S. Hublev, R. P. Hughes, M. F. Jaeger, A. L. Kammerer,
W. V. Kerns, A. J. Loom, L. B. Shipley, G. C. Stephenson, T. H. Strate, J. E. Tiedt.

This report is presented as information but includes a brief specification for creosote-

petroleum solution that is recommended for adoption and publication in the Manual.

It is a continuation of reports presented in 1943 and 1944 which appear in

the Proceedings, Vol. 44, 1943, page 642, and Vol. 45, 1944, page 291. It is presented

as information except for specifications for creosote-petroleum solution that may be used

for preservative treatment, which are offered for adoption and inclusion in the Manual.

On receipt of this assignment, your committee divided the assignment into seven

phases as follows:

1. Effect of preservative treatment by use of creosote-petroleum.

2. Reasons for and extent of use of creosote-petroleum solutions.

3. Specifications for creosote-petroleum treatment.

4. Specifications for petroleum for blending with creosote.

5. Specifications for creosote for blending with petroleum.

6. Specifications for various creosote-petroleum solutions that may be used for

preservative treatment.

7. Methods of analysis of creosote-petroleum solutions that may be used for pre-

servative treatment.

Phases 1, 2 and 3 were covered in the 1943 report which appears on pages 642 to 644

of Vol. 44 of the Proceedings. Phases 4, 5, 6 and 7 were discussed in the 1944 report.

4. Specifications for Petroleum for Blending with Creosote.—Specifications were pre-

sented by this committee and were adopted at the 1944 annual meeting. These specifi-

cations appear on page 17-14 of the Manual and complete Phase 4 of the assignment.

5. Specifications for Creosote for Blending with Petroleum.—Your committee is still

of the opinion expressed last year that this is not an opportune time to recommend a

change in the creosote specifications now in the Manual, or an additional specification

for creosote for blending with petroleum. Government restrictions still require the re-

moval of certain fractions of coal-tar for the production of critical materials, and until

this situation changes, it is felt that any change in our standard creosote specifications

is unwise. The committee, therefore, recommends that creosote meeting the specifications

of this Association (page 17-11 of the Manual), be considered as satisfactory for

blending with petroleum.

6. Specifications for Various Creosote-Petroleum Solutions That May Be Used for

Preservative Treatment.—After careful consideration of this phase of the assignment,

your committee wishes to present for adoption a brief specification for creosote-petroleum

solution, which will give recognition to creosote-petroleum solution as an accepted pre-

servative, with the thought that as additional study and work in laboratory and plant

make new data available, this specification will be revised or added to accordingly.

Such solutions are definitely established by their use in large volumes and deserve recog-
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nition in the Manual. Your committee, therefore, recommends the adoption and inclusion

in the Manual of the following specifications for creosote-petroleum solutions that may
be used for preservative treatment:

Creosote-petroleum solution shall consist solely of a mixture of specified proportions

of coal-tar creosote which meets the specifications of this Association for Creosote

—

Grade I and of petroleum which meets the AREA specification for Petroleum for Blend-

ing with Creosote. No creosote-petroleum solution shall contain less than SO percent by

volume of such creosote nor more than 50 percent by volume of such petroleum.*

* Owing to the lack of suitable methods of analysis, it is not possible to determine the relative

amounts of either component once these materials have been blended. The purchaser may, therefore,

wish to consider obtaining the materials separately and having them blended under his supervision.

7. Methods of Analysis of Creosote-Petroleum Solutions That May Be Used for

Preservative Treatment.—Although some laboratory work has been done during the past

year, no satisfactory methods have been developed, and your committee can only report

progress on this phase of the assignment.



Report of Committee 1—Roadway and Ballast

F. W. HiLLMAN, Chairman, H. L. Exley L. S. Rose, Vice-Chairman,
F. W. Alexander J. A. Given H. P. Pickering
H. S. Ashley A. T. Goldbeck J. M. Podmore
F. W. BiLTZ Albert Haertlein J. W. Poulter
T. A. Blair H. H. Hopkins, Jr. C. S. Robinson
A. E. BoTTS J. W. Hopkins L. H. Roden
Clifton Brannon A. R. Jones A. J. Roof
H. F. Brown A. D. Kennedy R. G. Scott
C. B. Bryant O. N. Lackey W. C. Swartout
G. H. Burnette H. W. Legro Raymond Swenk**
H. B. Bussing Paul McKay H. M. Tremaine
F. W. Capp* G. W. Miller C. D. Turley
Paul Chipman W. S. Moore Stanton Walker
B. H. Crosland J. A. Noble C. S. Wicker
A. P. Crosley M. C. Patton P. H. Winchester
L. J. Drumeller G. W. Payne Committee

* Died December 22, 1944.
** Died October 2, 1944.

To the American Railway Engineering Association:

Your committee reports on the following subjects:

1. Physical properties of earth materials:

(a) Roadbed. Load capacity. Relation to ballast. Allowable pressures.

Progress report, presented as information page 492

2. Natural waterways: Prevention of erosion.

No report.

3. Culverts:

(a) Investigate the use and design of wood culverts.

No report.

(b) Specifications for asphalt coating and paving of corrugated iron culvert

pipe, collaborating with Special Committee on Waterproofing of Rail-

way Structures.

Progress report, presented as information page 493

4. Formation of the roadway: Recent grading projects.

Final report, presented as information page 502

5. Roadway drainage: Adherence to recommended practice.

Progress report, presented as information page 510

6. Roadway protection:

(a) Stabilization of roadbed: Report on methods used.

Progress report, presented as information page 512

(b) Structural support; struts; piling.

No report.

AREA Bulletin 451, February 1945.

489
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7. Tunnels: Report on recent tunnel construction and maintenance problems.

No report.

8. Fences:

(a) Corrosion-resisting fence wire, collaborating with appropriate subcom-

mittees of Committee A-5 on Corrosion of Iron and Steel, ASTM.

No report.

(b) Investigate extent of use of concrete fence posts. «

No report.

9. Signs: Specifications and plans for telltales—overhead and side.

Progress report, presented as information; also revision of current page

1-91 of the Manual page 514

10. Ballast specifications.

No report.

11. (a) Ballast cleaning.

No report,

(b) Study the use of ballast for out of face surfacing to determine proper

type and height of lift.

Progress report, presented as information page 517

12. Ballast tests: Study the effects of tamping.

No report.

13. Special ballast:

(a) Investigate the use of asphalt in ballast.

Progress report, presented as information page 518

(b) Use of grout in ballast.

No report.

14. Specifications for riprap.

No report.

15. Means of conserving labor and materials, including the adaptation of sub-

stitute non-critical materials, and specifications for the reclamation of

released materials, tools and equipment, collaborating with Committee 3A

—General Reclamation of the Purchases and Stores Division, AAR.

No report.

The Committee on Roadway and Ballast,

F. W. HiLLMAN, Chairman.
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jFrank laitUiam Capp

The Committee on Roadway and Ballast records with deep regret the death of

Frank William Capp at River Forest, 111., on December 22, 1944.

Mr. Capp was born on June 6, 1887 at St. John, New Brunswick, Canada. In 1891

his parents brought him to the United States, taking up residence in Missouri. Mr. Capp

was graduated from the University of Missouri in 1909 with the degree of B.S. in C.E.,

and in 1912 was awarded the degree of Civil Engineer. Subsequently, he was employed

as draftsman with the American Bridge Company and later as an instructor in civil

engineering at the University of Missouri. After a short period with the Kansas City

Terminal Railway, he was employed by the Great Northern Railway from 1913 to 1920

and then was engaged with a firm of hydraulic engineers until 1924. He was employed

by the Illinois Central as assistant engineer from 1924 until 1927, then joining the staff

of the Portland Cement Association as structural engineer which position he held at the

time of his death.

Mr. Capp became an AREA member in 1939, at which time he was assigned to the

personnel of Committee 8—Masonry, and Committee 1—Roadway and Ballast. His inti-

mate knowledge of concrete, coupled with his experience in track construction and

maintenance problems, were of inestimable value in committee work. He was an ardent

worker, faithful in attendance at meetings, and his associates on the committee who

admired and respected him, will miss him greatly.

IRapmonb ^tocnb

Raymond Swenk, assistant to general manager, Pennsylvania Railroad, with head-

quarters at Pittsburgh, Pa., died October 2, 1944.

Mr. Swenk was born at Sunbury, Pa., January 3, 1886, and was educated at Penn-

sylvania State College, where he was graduated in civil engineering with the class of

1907. He entered the service of the Pennsylvania Railroad June 17, 1907 as rodman on

the Sunbury division and advanced through the maintenance and operating departments

to the position of assistant to the general manager.

He became a member of the AREA January 1, 1939, and served on various sub-

committees of Committee 1—Roadway and Ballast. His advice and judgment contributed

greatly to the work of the committee. His ability and genial personality will be sorely

missed bv his associates.
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Report on Assignment 1

Physical Properties of Earth Materials:

(a) Roadbed. Load Capacity. Relation to Ballast. Allowable Pressures

H. W. Legro (chairman, subcommittee), F. W. Capp, Albert Haertlein, J. W. Poulter,

C. S. Robinson, A. J. Roof, R. G. Scott.

Your committee submits the following report of progress as an introductory state-

ment of the scope and importance of the subject.

Railway roadbed is the foundation providing support for the track and rolling stock.

Contrasted with structures as the term is applied in the ordinary sense, the track struc-

ture carries live loads of much greater magnitude than its own dead load and imposing

great impact and vibration effects. With a depth of not more than 36 to 48 in., the

track and ballast transmit these loads to the roadbed, composed of soils that are to a

considerable extent in their natural condition, materials which possess little or no flexural

strength.

The effect is a continual movement of the roadbed soil which disturbs the plane of

contact with the track structure and results in readjustment of the members of the

structure. As described in the Roadway chapter of the Manual under Sec. 102. Physics

of Soil, wide variability of soils, often within small areas and depths, together with

climatic and weather influences, accentuates the disturbance of this plane. These circum-

stances oblige the railroads to keep relatively large numbers of men employed in con-

tinually restoring proper surface and line to the track, to compensate repeatedly for loss

of stability of the roadbed material.

Great improvements have been made in the design of track, keeping pace with

increasing requirements for heavier loads and faster speeds. However, it is probable

that further refinements in design of rail, fastenings, ties and ballast, as well as reduc-

tions of curvature in aUnement, will not be entirely sufficient to meet the demands of

the future. To supplement them, research with respect to the load capacity of the road-

bed promises a prospect of reduced costs to maintain a more adequate track structure,

in anticipation of further demands for higher speeds of either heavier or lighter

equipment.

Dliring the past two decades the character of roadbed has assumed greater impor-

tance than heretofore in the history of railroads. Previously, the means of improving

the character of roadbed on existing lines was largely limited to better drainage. Exten-

sive research into the stress effects caused by moving trains was directed more particu-

larly to track and ballast. Their action under stress has been investigated through

exhaustive tests and the data obtained have led to improved design.

The progress reports of the Special Committee on Stresses in Track provided such

data and indicated also that the relation of moving loads to elasticity and deformation

of roadbed would merit particular study. The Roadway committee in the period from

1910 to 1920 studied the subject of Unit Pressures Allowable on Roadbed of Different

Materials, and reported information, emphasizing the need for further experiments and

data, but was unable to reach satisfactory conclusions for lack of direct tests that would

show the relationship between rolling stock, track and roadbed.
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Science of Soil Mechanics

Since 1920 the science of soil mechanics has developed rapidl>'. Builders of new

facilities, including dams, highways, airfields and railway lines, have applied this science

in their construction methods, and have found that deformation of soil under load may

be decreased by control of moisture content and by various other means of stabiUzing

the material.

These methods are of special interest to the railroads to the extent that they may
be applied to stabihze existing roadbed without materially disturbing the track structure

and will provide better supported track at decreased maintenance cost.

This committee is unable to recommend allowable unit pressures on the roadbed. It

does believe that research to include experimental tests, guided by recent advancement

in applied knowledge of the classification of soils and their physical properties, will

discover ways to determine allowable pressures and, further, the methods by which

existing roadbed load capacity may be economically increased.

Report on Assignment 3(b)

Specifications for Asphalt Coating and Paving of Corrugated

Iron Culvert Pipe

Collaborating with Special Committee on Waterproofing of

Railway Structures

W. C. Swartout (chairman, subcommittee), H. S. Ashley, C. B. Brvant, J. W. Hopkins,

J. A. Noble, M. C. Patton, A. J. Roof, R. G. Scott, H. M. Tremaine, P. H.
Winchester.

The following specification for bituminous coated corrugated metal pipe and arches

is offered by your committee as information for the purpose of soUciting comments and

cHticisms before recommending that it be approved and published in the Manual. It is

proposed to do this next year.

There is a definite need for this specification. Except for tests for Determination of

Bitumen, Loss on Heating, and Penetration of Bituminous Materials which are ASTM
standards, it is the first specification for bituminous coating for this particular purpose,

where the bituminous material to be tested, and accepted or rejected, is obtained from

specimens secured from pipe delivered, or about to be dehvered, to the purchaser.

The three ASTM standard tests referred to above are included in this specification

by reference.

The Specifications for Construction of Roads and Bridges in National Forests and

National Parks, 1941, issued by the Public Roads Administration contains a specification

which is based on tests of a two-foot length of full size coated pipe. This specification

provides no method for testing the coating of field erected culverts or arches. The accept-

ance or rejection of the pipe is largely determined by the erosion test, although the

requirements of solubihty, stabihty and imperviousness of the asphalt are briefly de-

scribed without reference to any existing standard method of test. Definite requirements

for apparatus and methods to be followed in making the several additional tests required

in the specification submitted are not given.
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Upper Left. Shock Test Apparatus (see Fig. 1) ;

Left, Flow Test Device (see Fig. 2) ; Upper Right,

Aging Tank (see Fig. 3) ; Bottom, Adhesion Test

Apparatus (see Fig. 5).
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After careful study, your committee did not consider the Public Roads Adminis-

tration specification, which was prepared some eleven years ago, suitable for railroad

requirements and, therefore, found it necessary to prepare a new specification.

With the thought that the membership, and any others interested would get a much

clearer understanding of the test apparatus set up in the proposed specification, there

are photographs showing the apparatus in a research laboratory shop in accordance with

the requirements of the specification.

SPECIFICATIONS FOR BITUMINOUS COATED CORRUGATED
METAL PIPE AND ARCHES

General

1. Scope

These specifications cover the bituminous coating of galvanized culverts, corrugated

metal pipe for subdrains, and corrugated structural plate pipe and arches, and the

paving of corrugated metal pipe for use in culverts, underdrains and sewers.

2. Applicability of AREA Specifications for Corrugated Metal Pipe

Specifications for Corrugated Metal Culverts, Corrugated Metal Pipe for Sub-

drainage, and Corrugated Structural Plate Culverts and Arches appearing in the AREA
Manual shall govern in all particulars up to the point of applying the bituminous

material.

Materials and Manufacture

3. Bituminous Material

After application to the pipe, the bituminous material shall have such character-

istics and analysis as to meet the requirements of Sections 6 to 12, inclusive, of these

specifications.

4. Application of Bituminous Material

(a) Coated Only.—The pipe shall be coated uniformly, inside and out, to a mini-

mum thickness of O.OS inches, measured on the crests of the corrugations.

(b) Coated and Paved.—The pipe shall be coated as in (a) above. The bituminous

material shall be applied in such a manner that a smooth pavement will be formed in

the invert (bottom of pipe when installed), fining the corrugations for % of the circum-

ference of the pipe. The pavement, except where the upper edges intersect the corruga-

tions, shall have a minimum thickness of ^ inch above the crests of the corrugations.

Sampling

5. Test Specimens

It is the intent of these specifications that all tests described in Sections 6 to 12,

inclusive, be made from specimens secured from pipe delivered or about to be delivered

to the purchaser. From any two lengths of pipe there shall be cut with a hacksaw or

other suitable means that will not affect the physical characteristics of the bituminous

coating, a triangular shaped sample of 4 inches base width and 3^ inches vertical height.

The 4-inch dimension shall be along the periphery of the pipe. These two specimens are

primarily for use in the adhesion test but may also be used for the imperviousness test

if it is not convenient to run the imperviousness test on the pipe itself.

For the other tests hereinafter described, 5 ounces of the bituminous coating will be

required. Containers known in the drug trade as seamless "ointment boxes'' make con-

venient receptacles in which to gather the strippings from the pipe necessary to make
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up the 5 ounces. Two containers, each holding 2J/^ ounces, will be needed. To avoid

contamination from sand or soapstone that may have been applied to the outside of the

pipe after dipping, the 5 ounces of bituminous material should be secured from the inside

top of one or more lengths of pipe making up the shipment under test.

Tests

6. Solubility in Carbon Bisulphide

The bituminous coating shall be 99.5 percent soluble in cold carbon disulphide. This

test shall be made in accordance with the current ASTM Standard Method of Test for

Determination of Bitumen, designation D4.

7. Loss on Heating

When heated to 163 degrees C. (325 degrees F.) for S hours, the loss in weight of

a 50-gram sample shall not exceed 1 percent. This determination shall be made in accord-

ance with the current ASTM Standard Method of Test for Loss on Heating, designa-

tion D6.

8. Penetration of Residue

The penetration of the residue from the loss on heating test, above described, shall

be not less than 85 percent of the penetration of the same sample just prior to making

the test for loss on heating. The penetration tests shall be made in accordance with

the current ASTM Standard Method of Test for Penetration of Bituminous Materials,

designation DS.

9. Shock Test

The ability of the coated pipe to withstand handling in cold weather is indicated

by successfully meeting the shock test.

The apparatus for making this test is diagrammatically illustrated in Fig. 1. Any

form of impact machine which will comply with the following essentials may be used

in making the test:

(a) A rigid metal anvil or base plate of not less than Yz inch thickness, rest-

ing upon a solid table or other foundation.

(b) A hammer weighing 2,000 grams (4.4 pounds) arranged so as to fall

freely." between suitable guides.

(c) A plunger made of steel and weighing 1,000 grams {2.2 pounds) arranged

to slide freely in a vertical direction in a sleeve, the lower end of the plunger

being spherical in shape with a radius of % inch.

(d) Means for raising the hammer 5^ inches and for dropping it upon the

plunger.

Four test specimens shall be prepared by heating over a low flame 4 ounces of the

coating material sample, obtained as described in Section 5, until it becomes fluid; then

pouring into a mold or molds. Care must be exercised to melt the sample at the lowest

possible temperature. When molten, the sample shall be stirred thoroughly until it is

homogenous and free from air bubbles before being poured into molds.*

Each test specimen shall be in the form of a disc 1^ inches in diameter and Y^

inch thick.

The test specimens can be molded separately or in one bar of sufficient length so

that four test specimens can be cut. A split mold with the outside surface slightly tapered

' Use excess to prepare the two samples for flow test.
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Plunder

Test specimen

Fig. 1.—Shock Test Apparatus.

to take a slip ring which will hold the two halves together makes a convenient mold for

casting. The mold and the base upon which it is placed should be amalgamated to pre-

vent the test specimens from sticking.

After the four test specimens have been prepared they shall be cooled in a brine of

ice and salt at a temperature of 30 degrees F. for a period of at least an hour. This

method of cooling gives greater consistency in test results and must be used.

After cooling for one hour, one sample is removed and quickly placed on the anvil

of the test apparatus and centered under the plunger. The hammer, having been raised

to a height of 5^ inches, is then tripped. Not more than 8 seconds shall elapse from

the time the specimen is removed from the brine until the hammer strikes the plunger.

This test shall be repeated on all four test specimens.

For the material to be acceptable, not more than one of the four test specimens shall

show a crack. If it is difficult to determine visually whether a specimen has cracked,

remove it from the test apparatus and subject it to slight bending.
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Corrugated s/ide

Scr/bed line ~

Fig. 2.—Flow Test Apparatus.

10. Flow Test

The ability of the coating on the pipe to remain in place and not flow or sag at

summer temperatures is indicated by successfully meeting the flow test.

The apparatus for making this test is diagrammatically illustrated in Fig. 2. It con-

sists essentially of a brass plate, 0.03 inch thick, 8 inches long, and approximately 4 inches

wide, with corrugations running the long way of the plate, and means for holding the

plate so that the corrugations will be at an angle of 45 degrees with the horizontal. The

corrugations in the plate shall have a crest to crest distance of ^ inch and a depth of

i\ inch.

Test specimens shall be in the form of cylinders, ^ inch in diameter and ^ inch in

length. Two specimens shall be used for each test and should be prepared at the same

time as the specimens for use in the shock test, using split molds as described under

that test.

Place the plate at the 45-degree angle; lay the test specimens in two of the corru-

gations so that the lower end of each specimen will rest exactly along a line scribed 6

inches from the bottom edge of the plate, and place the test apparatus and specimens

in an oven maintained at ISO degrees F., plus or minus 2 degrees. After four hours in

the oven, remove the apparatus and specimens and allow to cool to room temperature.

Measure the distance from the bottom of the corrugated plate to the lower edge of the

test specimens. This distance subtracted from 6 inches determines the amount of sag or

flow. To be acceptable the flow must not exceed % inch on either of the two test

specimens.

11. Adhesion Test

The ability of the coating to retain its adherence to the pipe is indicated by success-

fully meeting the adhesion test.

Three principal pieces of apparatus are required for making this test; namely, a

small three-compartment "aging tank" for the aging bath, an "adhesion" anchor" to be
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Fig. 3.—Aging Tank.

pressed into the coating after the aging bath, and means for applying to the "adhesion

anchor" a steady pull at a measured rate. Figs. 3, 4 and 5 illustrate these three pieces

of apparatus in diagrammatic form.

The tank for the aging bath is S inches wide by 7 inches deep by 24 inches long.

The compartment at each end is 6 inches long and the center compartment 12 inches

long. Two test specimens cut from coated pipe form the partitions between compart-

ments. A Bunsen burner or other suitable source of heat is used to heat the water in

the middle compartment to a temperature 100 degrees F. higher than the water in the

end compartments, and a stirring device is necessary to keep the water in motion so

that the temperature will be uniform. Means must be provided for keeping the water in

each of the two end compartments at approximately 70 degrees F.*

The adhesion anchor is a brass disc with an area inside the retaining edge of H
square inch (approximately 0.8 inch diameter inside the retaining edge) and with small

holes drilled through the disc, shallow circular grooves cut into the bottom side of the

disc, and a holding ring, as shown in Fig. 4. At least six such anchors should be

available.

The two test specimens, secured as described in Section S, shall be placed in the

specimen holders so as to form the partitions or dividing walls between compartments

in the aging bath. The coating shall be removed from one side only of each specimen,

and the specimens placed in position in the aging tank with the bare metal side of each

specimen in contact with the hot water in the middle compartment.

• The temperature differential between the middle compartment and the end compartments must
be maintained at 100 degrees F., plus or minus 3 degrees. With that differential maintained, the tem-
perature of the water in the middle compartment may be set as low as 160 degrees F., or as high as
180 degrees F.
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Fig. 4.—Adhesion Anchor.

After the test specimens are in place, fill the three compartments with water to the

elevation of the outlet opening in the end compartments. Heat the water in the middle

compartment to the required temperature differential above the temperature in the end

compartments and maintain those temperatures for 45 minutes.

Twenty minutes before the end of the aging period, place the adhesion anchors

in an oven that has reached a temperature of 240 degrees F., and maintain this tempera-

ture until the anchors are removed. At the end of the 45-minute aging period remove

and dry the test specimens and promptly press into the coating of each specimen as far

as possible one adhesion anchor that has been kept at 240 degrees F. The anchor should

be pressed into place midway between the valley and crest of a corrugation, which is

the area of least curvature. A knife blade or cork borer is then used to free the anchor

from the surrounding coating. This is to insure that the pulling force is all transmitted

to the coating under the anchor. Each specimen, with the anchor in place, is then to be

put immediately into a water bath at 70 degrees F., and left for 30 minutes. The speci-

men is then ready for testing.

The adhesion anchors are pulled separately, using a steady pull increasing at the

rate of one pound per second.

After the adhesion anchors are pulled, determine for each area the percentage of

that area free of coating. (Note: In some cases the coating may be removed but a brown

oily film may remain. The area covered by this film shall be considered free of coating.)

A ruled counterglass, which can be secured from any laboratory supply house, will

greatly aid in making an accurate determination of the percentage of area free of coating.
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Fig. S.—Adhesion Test Apparatus.

Asphalt coating

Test Specimen

After the adhesion anchor is pulled on each specimen, wipe off any surface mois-

ture from the specimen and insert another adhesion anchor that has been kept at 240

degrees F., and immediately place the specimen in the 70-degree water bath, leaving it

there for 30 minutes, then testing as described. This process is to be repeated until three

areas on each specimen have been tested.

For the pipe to be acceptable, not more than one of the six areas tested on the two

samples shall have as much as 25 percent of the area free of coating.

12. Imperviousness Test

The imperviousness of the coated pipe shall be determined by placing a 2S-percent

solution of sulfuric acid or sodium hydroxide or a saturated salt solution in the valley

of a corrugation of the coated pipe for a period of 48 hours during which time no

loosening or separation of the coating from the galvanizing shall have taken place.

If the purchaser prefers, this test may be conducted on the two test specimens prior

to their use in the adhesion test.
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Report on Assignment 4

Formation of the Roadway: Recent Grading Projects

Paul Chipman (chairman, subcommittee), G. H. Burnette, A. P. Crosley, H. L. Exley,

J. M. Podmore.

This is a final report presented as information.

Previous reports (Proceedings, Vol. 44, 1943, pages 507-512, and Vol. 45, 1944, pages

300-304) have covered 14 major grading projects carried out in the period 1932^-1943.

This report covers 9 additional projects completed in 1943 and 1944 which involve over

8'J^ million cu. yd. of earth.

Heavy hauling equipment was used on all of these jobs; material was spread in

layers on all except one and earth was compacted with sheepsfoot rollers on five of

them, comprising over half of the total yardage. This clearly indicates the trend toward

better embankment construction.

The Pennsylvania's double track cutoff between Stubblefield and Marty, 111., aver-

aged nearly 120,000 cu. yd. per mile. Material was placed in 8-in. layers and piled

with sheepsfoot rollers. No settlement has taken place except for }i-ra\\e across a creek

bottom, where an average settlement of 4 in. occurred due to subsidence. This project

is described in Railway Age, February 26, 1944.

The relocation of a branch line of the Chicago, Milwaukee, St. Paul & Pacific

between Eatonville and Elbe, Wash., was made by the City of Tacoma in connection

with a new dam and power plant. Earth was not placed in layers. Some settlement

has taken place at the shoulders of fills. This work ran 40,000 cu. yd. per mile, of which

8 percent was solid rock.

The new line of the same railroad between Woodward and Granger, Iowa, averag-

ing about 22,000 cu. yd. per mile, was built in 4-in. to 6-in. layers and consolidated by

the hauling equipment. No settlement is apparent.

Of the new joint Une of the Milwaukee and the Rock Island between Birmingham

and Kansas City, Mo., 3.89 miles is double track and 0.75 mile is single track, excluding

from the latter 0.5 mile on the new bridge across the Missouri river. This work, aver-

aging 163,000 cu. yd. per mile, was built in layers of 12 in. or less, compacted by the

hauling equipment. No settlement of consequence has taken place. Slopes of 1^4 : 1

were used for fills 13 ft. or more in height.

The relocations on the St. Louis-San Francisco Railway between Liggett and

Platter, and between Lakeside and Mead, all in Oklahoma, were necessitated by a

federal flood control project and were built under the supervision of the U. S. Engi-

neers. The grading averaged 144,000 cu. yd. per mile. Material was spread in 8-in. layers

and rolled with sheepsfoot rollers. About 80 percent was watered to obtain proper

moisture content. Where water would stand against fills, the normal subgrade width of

20 ft. was increased to 24 ft. and the slopes were made a combination of 2 : 1 and

3:1. No appreciable settlement has occurred.

The Missouri Pacific Lines' fill across the Morganza Floodway was an unusual and

interesting project. Built across the swamps of southern Louisiana to an average height

of about 25 ft., this work ran about 170,000 cu. yd. per mile of silt loam and silty clay.

All material was placed in 8-in. layers and allowed to dry to the point where efficient

compaction could be obtained. The width at subgrade was 24 ft., with slopes of IJ^ : 1

for fills up to IS ft. Higher fills were given a slope of S : 1 for % of their height and



Roadway and Ballast 503

t^Qi

.4°C

:j<

o

W )N CO

^ G> Gi a o O^

5 ^ S o fJ H Z o

S J W <!

3 v.

ri "o 'S

.9 S

E -2 -c
" — " 2.

o •-" cj CO
N M N (N



504 Roadway and Ballast



Roadway an d Ballast SOS



506 Roadway and Ballast

of 2 : 1 for the top third. A special section was built with a SO-ft. berm at % of the

height. The outer slope beyond this berm was 3 : 1 and the slope of the embankment

above it was 2 : 1. By the time the grading was completed, settlement due to subsidence

averaged about one foot and was still continuing at the date of reporting.

The relocation of the Louisville & Nashville near Danville, Tenn., was necessitated

by the construction of the Kentucky dam and averaged 144,000 cu. yd. per mile. The

grading was done by TVA under its own specifications. The material was sandy clay,

about 80 percent being compactable, spread in 12-in. layers and compacted only by the

hauUng equipment. Considerable settlement has taken place, particularly across the

Tennessee river bottoms, where fills were made from side borrow.

The Erie's double track relocation near Long Eddy, N. Y., was only 3,000 ft. long,

but involved 160,000 cu. yd. of earth and 18,000 cu. yd. of loose rock, and included

widening the channel of the Delaware river. Forty percent of the earth was compacted

by puddling and 60 percent was placed in 6-in. layers and rolled with sheepsfoot rollers

at a cost of about 2 cents per cu. yd.

The Santa Fe's curve reductions in the vicinity of Ardmore and Marietta, Okla.,

totalled 3.2 miles in length and ran about 84,000 cu. yd. per mile, of which about 30

percent was loose rock. Earth was placed in 6-in. layers, watered, and rolled with

sheepsfoot rollers. Rolling cost about 5 cents per cu. yd. and watering cost 1% cents per

cu. yd. on the Ardmore job and 4 cents on the Marietta job. No apparent settlement of

fills has taken place. On the Marietta job, the roadbed in cuts was very soft when first

put in service, due to excessive rain and melting snow, and depressions 3 in. deep had

developed under the rails in the subgrade of cuts at the time of reporting.

Information as to behavior of fills since previous reporting has been received on

the following projects:

Project No. 1.—Fills on the Dotsero cutoff on the Denver & Rio Grande Western,

completed in 1933, show an average additional settlement since 1941 of about 3 percent.

Material was excavated with shovels and placed with trucks, but not in layers.

Project No. 3.—Fills on the Buchanan Branch extension and Dismal Creek branch

of the Norfolk & Western, completed in 1936, show no noticeable settlement since 1941.

The material was placed by trailer dumps and heavy trucks, but no special effort was

made to place in layers.

Project No. 4.—On the Boise-Las Animas line of the Santa Fe, 110 miles long,

completed in 1937, fills were built in 2-ft. layers. Considerable shrinkage was reported

in 1941, which has continued to a lesser degree, amounting now to 10 percent on some

of the higher fills. There are some indications of water pockets, mostly in cuts. In fills,

their development is most pronounced in those built of mixed earth and rock or shale.

Project No. 5.—The Chariton cutoff on the Burlington was completed in 1937.

Fills were built in layers of 6 to 12 in. in thickness, with travel of equipment routed to

secure compaction, and were thoroughly rolled at the edges with a round roller. A 10-ft.

berm was added for each 20 ft. of height. No general settlement has taken place, but by

1940 there was considerable sloughing of shoulders. This trouble increased and it was

found necessary to flatten the slopes of both fills and cuts on account of the unstable

nature of the clay material. H. R. Clarke, chief engineer, advises as follows:

Both the fills and the cuts in this cutoff began caving off very badly four or

five years ago. Practically all of the trouble on the fills was with the dirt on the

outside surface. When this was thoroughly saturated, the slope was too steep and

sloughing of the fill occurred. Even after this started, there was no settlement of

the track for some time but as this caving approached the ballast line, we filled
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out the shoulder with cinders or fly ash or other light material. Last year during

heavy spring rains conditions became worse, and the fill started settling under

the track. The caving became so bad that the track was put out of service for

about ten days while slopes were restored with sand. It became apparent that

the material in the fill would not stand on a 1^ to 1 slope when extremely wet.

We therefore decided to substantially widen the fill and to reduce the slopes to

2J4 to 1. We also widened the large cut, using 2 to 1 slopes. Even this does not

seem entirely satisfactory, however, because of sand pockets which seem to carry

a lot of water and are causing further caving. We are making an investigation

now to see if we cannot drain these pockets or seams of sand.

When widening the fills, we placed 6-in. perforated, corrugated iron pipe

cross drains every 100 ft., or oftener in certain places, backfilling the trench with

gravel to prevent the pocketing of any water in the fill. We tried to remove all

the porous material such as cinders and sand before placing additional clay fill.

We did find a few water pockets when putting in these cross drains, the deepest

one being 5^ ft. from top of tie.

Most of this work was completed last year, although we are still carrying on

some of it. The widened and stabilized embankment sections have stood up very

well, even during the extremely wet season we had last spring.

I might add that we are oiling the subgrade section on these high fills from

shoulder to shoulder to shed the water as rapidly as possible.

This experience with a well-built embankment indicates the desirability of some test

by which the behavior of any particular clay when saturated may be foretold.

Project No. 6.—The Arkalon cutoff on the Rock Island was completed in 1939.

Fills were built in 8-in. layers and compacted by watering and rolling. No appreciable

settlement has taken place since completion. There have been several minor slides and

some erosion of slopes.

Project No. 8.—On the Caddoa dam relocation of the Santa Fe, fills built in 1940

in 8-in. layers before compacting, and rolled and watered, still show no noticeable settle-

ment. Five water pockets developed on this 20-mile fine, all of which have been stabilized

by grouting. Only one of these was in a fill and it was very shallow. This fill was 5 to

10 ft. high and made from side borrow of fine sand, silt and small pieces of rock. The

four pockets in cuts varied in depth from 4 in. to S ft. below subgrade. Three of these

were caused by seeps or springs.

In reply to a question as to the effect of thorough compaction on eliminating water

pockets, Mr. J. A. Noble, chief engineer. Western Lines, writes:

As to the effect of compaction, it is our definite opinion that this tends to

prevent the development of water pockets, but we do not believe the process will

eliminate such trouble. A clayey material such as existed at the east end of the

Caddoa line change may have as much as 40 percent voids after compaction and,

consequently, high capacity for water absorption. Soils of this type will eventually

gain water and permit the formation of water pockets. However, it seems to us

the reduction of the voids by compaction cannot fail to have a beneficial effect.

* * * Soils which will develop water pockets usually will not drain and it is our

view that whatever reduction in voids can be effected will diminish the water

holding power of the soil and, consequently, the tendency to form water pockets.

Project No. 10.—The Birch Hill relocation on the Boston & Maine was completed in

1941. Material was spread in 12-in. layers and compacted by heavy hauling equipment,
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and special care was taken to secure proper moisture content. No appreciable settlement

has taken place since 1942. Due to the use of 6 to 12 in. of gravel sub-ballast, no depres-

sion of the subgrade under the rails has yet taken place.

It is evident from this and preceding reports that the importance of well built

embankments is now generally recognized, particularly where heavy traffic or high speed

is anticipated; and that it is the common practice of railroads to apply methods that

will achieve this end, to the extent justified by the case in hand. Further improvement

in practice seems to lie in the direction of more careful selection of material, or if as

usual this is not feasible, to a more thorough consideration of the characteristics of the

material in deciding on proper widths and slopes of both fills and cuts. While further

comparison of the behavior of fills built with various degrees of compaction might be

of interest, it would have little practical value and would not modify the conclusions

already reached.

Report on Assignment 5

Roadway Drainage: Adherence to Recommended Practice

Clifton Brannon (chairman, subcommittee), H. S. Ashley, G. H. Burnette, H. H.
Hopkins, Jr., A. J. Roof, R. G. Scott, H. M. Tremaine.

This report is presented as information.

Your committee's study of roadway drainage for the past three years has not pro-

duced any information that would warrant changing the conclusions previously reached

or the practices as recommended in the Manual, pages 1^-43 to 1-63, paragraphs 503-

506, inclusive. The following statements represent the results of careful consideration of

replies to detailed questions submitted to the railroads during this three-year period.

503—Surface Drainage

The construction of intercepting ditches at the tops of cuts, the bottom of fills and

side ditches at the foot of slopes in cuts is generally followed, as recommended, with

satisfactory results. One road prefers dikes at the tops of cuts instead of ditches; an-

other, reports the occasional use of French drains at the bottoms of new embankments,

to prevent capillary action drawing ground water up into the embankment.

504—Subsurface Drainage

The practice of making field tests of soils to determine "Field Moisture Equivalent"

is limited to a few roads, although a number state that such tests would be carried out

on major projects. It is general practice to rely upon past experience with the soil con-

cerned and visual inspection.

Most of the roads reporting indicate the use of metal or clay pipe for subdrainage

of wet cuts or fills, as recommended. In some instances, concrete pipe and creosoted

wood boxes are used for parallel drains between tracks and along the shoulders. One

road reports having rebuilt a roadbed rather than install lateral drains. This was done

by plowing off the old material to the depth of the water pockets, shifting the track

where necessary and backfilling with fine sand or sandy loam.

French drains are in general use, although some roads offer the observation that

they are not permanent because of becoming clogged with silt.

The use of grout to cure soft spots is becoming more general and on some roads is

replacing pipe drains or French drains.
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505—Special Problems During Construction

The causes for soft spots are generally recognized and means for their prevention

as recommended, are included in present-day grading specifications, which provide for

the use of material of proper quality wherever possible, for the depositing of dirt in

layers of various thickness with proper moisture content and rolling to secure maximum
compaction. It is the general practice to crown the roadbed, although there is a con-

siderable difference of opinion regarding the amount of slope.

Sub-ballast of cinders, fine or unwashed gravel or other suitable material is in wide

use in new construction. Generally long, low-grade cuts are excavated with sufficient

width to permit wide, deep surface ditches, as recommended, and for subdrainage, if

conditions require. In some cases, side ditches are kept back a sufficient distance to per-

mit operation of off-track machinery.

In widening cuts and fills and in the construction of multiple tracks, many roads

investigate the depth of ballast pockets and remove the impervious material above them,

replacing such material with sand, gravel or other porous materials. In general, lateral

pipe or French drains are provided as needed. Longitudinal drains between tracks are

used in only a few cases as required by special conditions.

Where conditions permit, yard tracks are generally stepped down and, in some cases,

yard drainage systems are installed or tracks are spread in groups to permit prompt

removal of snow and ice.

Where necessary, subsurface drainage, consisting of perforated iron pipe with catch

basins and laterals at frequent intervals as recommended for passenger stations are

generally installed.

Perforated iron pipes or cross-drains to provide drainage at street and road cross-

ings as recommended are not generally installed; such installations are covered largely

by local conditions.

506—Maintenance

The importance of proper maintenance of ditches and drains is generally recognized.

The use of on-track machines, such as ditchers, locomotive cranes and spreader cars

equipped with ballast and ditch shaper blades is general. Off-track equipment, such as

bulldozers, drag-lines, front-end loaders, are widely used for widening cuts and fills,

cleaning ditches, sloping shoulders and removal of impervious materials. The use of this

equipment is increasing.

Perforated iron pipe and French drains as recommended are widely used for the

cure of soft spots and water pockets. A recent development is the use of grout apphed

under pressure for the elimination of these conditions.

In the cure of slides, the practice recommended in the Manual is used as a guide,

relying on the exercise of judgment in selecting the expedient best suited in each indi-

vidual case. Some roads report that satisfactory results are obtained by the use of piles

and timber retaining walls driven along the shoulders.

The causes for heaving of track are generally recognized. With some slight varia-

tions, the recommended practice for shimming of track is followed. Some roads report

the use of metal gage rods and metal shimming plates extending under the rail and

spiked to the tie.
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Conclusions

The information developed during the past three years indicates:

(a) Realization of the importance of surface and subsurface drainage.

(b) The increase in use of off-track equipment for this purpose.

(c) Recommended practices are being followed with such modifications as are

necessary to meet local conditions.

(d) No change in the Manual is recommended.

Report on Assignment 6(a)

Stabilization of Roadbed: Grouting Method

G. W. Payne (chairman, subcommittee), T. A. Blair, H. F. Brown, F. W. Capp, J. A.

Given, M. C. Patton, J. W. Poulter, C. S. Robinson.

This is a progress report presented as information.

First installation—fall of 1936, Pennsylvania Railroad. Chronic water pocket 85 ft.

long at North Point, Md.
Other early installations—fall of 1938, Pennsylvania Railroad. Five water pockets

near Fort Wayne, Ind., and a 65-ft. stretch of soft roadbed, Bedford Yard, Cleveland,

Ohio.

May 1941—Michigan Central near Monroe, Mich.

October 1941—Chesapeake & Ohio near Delaware, Ohio.

December 1941—Atchison, Topeka & Santa Fe near Slaton, Texas.

December 1942—^Terminal Railroad Association of St. Louis and the New York

Central.

To November 1944, 21 railroads have pressure grouted track in 19 states and 1

Canadian province. The conditions include:

Track in cuts 40 ft. deep and on fills 65 ft. high.

Roadbed soft clay, poorly compacted fills, and other materials of low load-bearing

capacity.

Ballast of coarse crushed rock, coarse gravel, pit run gravel, chats, and, in yards

having cinders, sand and burnt clay. Numerous combinations of the foregoing, in

various stages of foulness.

For a description of the largest project yet undertaken, that on the Santa Fe in

eastern Kansas, see Railway Engineering and Maintenance, November 1944, and Engi-

neering News-Record, August 24, 1944.

All installations are at locations which had given trouble for many years, bnd
immediate and substantial benefits are reported. Slow orders are seldom necessary during

the work.

Two general methods for injecting grout are in use.

With Pneumatic Pressure Equipment

Most users to date have this equipment. The units are relatively small and portable.

Commercial units used for other grouting purposes for 40 years or more, as well as

recently designed units, are well adapted for track grouting. Suitable units also have
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been improvised from parts available at railway shops. A compressor of 60 c.f.m. capacity

or larger, with grouting hose, track tools and other items commonly used by track

gangs, are also needed.

This equipment can be operated by small track gangs consisting of a foreman and

from two to ten men. By employing several units under one foreman (the Michigan

Central has had one foreman handling four units), more rapid progress may be made
and costs reduced. The rate of progress with a foreman and five men will range from

25 to 200 ft. per day with about 125 ft. average.

With Hydraulic Pressure Equipment

Hydraulic equipment for track grouting has been greatly improved during the year.

The "mud-jack" has been re-designed with improved hopper and mixing accessories,

smaller pistons developing up to 360 lb. pressure, a rotary water pump with a capacity

of 35 to 40 gal. per min., and other changes to meet the special requirements. Such

machines are now on the market and may be obtained with all the accessories. The

Santa Fe has ten such machines on the east Kansas program and three at other points.

A gang of one foreman and 15 to 20 men using two machines grout up to 4,000 track

feet per week. Four other roads have one or two machines and others on order. It may
be said that the equipment as a whole has been developed to a very satisfactory stage.

There are at present two viewpoints on the proper composition of the grout.

1. A very lean mixture, necessitating the use of a very fine blow sand, with just

enough cement to produce fluidity for pumping.—The mixture fills the voids, expelling

the water that causes soft track, but does not harden enough to form a solid mass.

The Santa Fe has developed a special quick-breaking emulsified asphalt which is added

to secure required fluidity with less cement. A mix largely used on that road for pockets

in stone ballast consists of one sack of Portland cement, 12 cu. ft. sand, 48 gal. water,

and 1.2 gal. of the emulsion. The emulsion also adds to the waterproofing. The sand all

passes a 14-mesh sieve; 70 to 90 percent passes a 48-mesh sieve; and 15 to 20 percent

passes a 100-mesh screen.

2. A mixture rich enough to harden into a fairly solid mass.—In this also a very

fine sand is necessary. Engine sand, fine plasterers sand, dune sand, and quicksand

have all been used. Neat cement was used by the St. Louis Terminal.

The objectives in the two methods are essentially the same—to drive out water

and fill the voids with a grout. The material introduced in the first method barely sets,

while the second method hardens the permeated material into a more or less solidified

mass. Users of richer grouts feel that there is less trouble due to line plugging and that

better penetration is obtained; also, that the richer proportions give more assurance of

stabilization and that no undesirable behavior follows its use.

In either case, the composition is varied to suit the materials available and the con-

dition of the ballast. Coarser sand requires more cement and asphalt. Ballast with smaller

voids may need a slightly richer mix and require more water. In stubborn cases a neat

grout of cement and water has been used, although in most cases it is advisable to

add sand.

Full penetration of all voids is not always obtained. Should settlement continue in

such places, a follow up "spot" grouting should be made to secure a uniformly stable

roadbed.

In every case where grout has been received, track performance has been improved.

There is a marked improvement at bridge ends, curves are easier to hold in line, and

long-standing slow orders have been lifted. Records are reported which indicate a reduc-

tion in maintenance costs of from 30 to 95 percent. Special track work, yard tracks,
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engine leads, individual pumping rail joints and other minor applications of pressure

grouting have been tried with good results.

Applications of grout along the toes of embankments on such soft ground as

swamps, peat bogs and muskeg have been tried in a small way and more such appli-

cations are programmed for the near future.

The committee expects to obtain valuable information for a continuation of its

studies from a research project on roadbed stabilization for which funds have been

provided for 194S, by the AAR at the request of your committee.

Report on Assignment 9

Signs—Specifications and Plans for Telltales—Overhead and Side

L. J. DrumeUer (chairman, subcommittee), G. H. Burnette, H. B. Bussing, O. N. Lackey,

J. M. Podmore, P. H. Winchester.

Your committee presents, as information, tentative plans and specifications for one

and two-track overhead wood warning and wood side warning.

The 1944 convention adopted for inclusion in the Manual, plans and specifications

for one, two, three, and four-track overhead metal warnings and metal side warnings.

This material appears on Manual pages 1-91 to 1-96 inclusive.

Wood construction is not recommended for the overhead portion of warnings in

three and four-track territory, because the distance between vertical poles requires a

span of such length as to result in an impractical wood design. Wood poles or posts of

the proper size and depth in the ground may be substituted for the metal vertical poles

shown on the plan for three and four-track overhead warning appearing on Manual

page 1-93.

Revision of Manual

Last year your committee offered for adoption Specifications for One, Two, Three

and Four-Track Overhead Metal Warning and Metal Side Warning. The committee now
desires to revise paragraph 1. Scope, appearing on Manual page 1-91 to read as follows:

1. Scope

These specifications cover the design, materials and erection of metal overhead warn-

ings for one, two, three and four tracks and metal side warnings, except as modified by

laws or orders of appropriate governmental authority.

SPECIFICATIONS FOR ONE AND TWO-TRACK OVERHEAD
WOOD WARNING AND WOOD SIDE WARNING

GENERAL
L Scope

These specifications cover the design, materials, and erection of wood overhead

warnings for one and two tracks and wood side warnings, except as modified by laws or

orders of appropriate governmental authority.
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MATERIALS

1. Posts, Lash Bars, Fingers, and Bracing

Materials for posts, lash bars, fingers, and braces shall be furnished for the sizes

shown on the plan and conform to current AREA Specifications for Structural Timbers.

Materials for these members will be either untreated or treated with wood preservative

as specified. When a wood preservative is specified, the timber will be preframed and

bored to the dimensions called for on the plan before treatment is applied.

2. Metal Materials

The following metal materials and fastenings will conform to current AREA Speci-

fications for One, Two, Three, and Four-Track Overhead Metal Warning and Metal

Side Warning.

(a) Telltales for overhead warnings.

(b) Spring fingers lor side warnings.

(c) Springs for side warning brackets.

(d) Bolts.

(e) Steel bars.

ERECTION

Posts for overhead warnings shall be inclined from the track % inch per one foot

of height.

Where conditions make it necessary, posts shall be permanently guyed.

Posts for overhead warnings shall be set not less than 6 feet into ground and posts

for side warnings not less than 4 feet 6 inches. When necessary, post shall be tempo-

rarily guyed or braced until backfilling into the pesthole has been thoroughly tamped

and compacted.

In double-track territory, one warning shall be erected over each track.

Report on Assignment 11(b)

Study the Use of Ballast for Out of Face Surfacing to

Determine Proper Type and Height of Lift

A. D. Kennedy (chairman, subcommittee), T. A. Blair, H. L. Exley, H. H. Hopkins, Jr.,

G. W. Miller, H. M. Tremaine.

This report is presented as information.

In this assignment the proper type of ballast is interpreted to mean the proper size

with particular reference to the maximum size of the fragments, and the proper height

is understood to mean the minimum height necessary to remove irregularities in surface.

The first operation in surfacing out of face is to establish a grade line on prepared

top-of-rail profile. The location of this grade line with respect to the amount of raise or

lift is dependent on the type and size of ballast only when it is desirable or expedient to

hold the height of lift to a minimum.

For excellence in results the minimum lift should be at least 2 in., or an amount

equal to at least J4 in. (preferably 1 in.) more than the maximum size of the ballast

because if the minimum lift is less than the maximum size of the ballast, it will be neces-



518 Roadway and Ballast

sary to reduce the size of the fragments by tamping action to force them under the tie;

otherwise as a result of improper tamping there will be voids under the bearing area of

the tie, which in turn will cause an early loss of good surface.

In out of face surfacing the general procedure is to make the lift with the material

in the crib, unless it is too foul and dirty. This material is also used in spot surfacing

where in most cases the amount of lift is a fraction of an inch. For this reason the

maximum size of ballast used for filling cribs and finishing after an out of face surfacing

job, should be kept to a minimum.

The maximum size of ballast recommended for this purpose should not exceed 1^
in.—preferably it should not exceed 1 in.

Report on Assignment 13(a)

Investigate the Use o£ Asphalt in Ballast

C. D. Turley (chairman, subcommittee), T. A. Blair, F. W. Capp, G. W. Miller, J. M.
Podmore, C. S. Wicker.

This is a report offered as information, on the 600-ft. test section of emulsified

asphalt-coated stone ballast installed in the east-bound (No. 2) high-speed track of the

New York Central at the Bryon, Ohio, passenger station platform.

An account of its condition and the yearly maintenance outlay has been given

to the Association each year since it was installed in the fall of 1939. This year it has

not been possible to secure the same grade of emulsified asphalt as was used in all

previous years and as called for in the original specifications. A substitute emulsified

asphalt has had to be employed in making certain repairs which are described below.

The east-bound passenger trains that stop at this station often run hot water into

the track at the east end of the test section. The hot water in time cuts the asphalt

from the stone ballast, because of which it was necessary this year to take up the high-

way crossing plank and remove the ballast along both rails and to the end of the ties.

The ballast in the center of the track was not disturbed. New emulsified asphalt-coated

stone ballast was then deposited, tamped under and around the ties, restoring the track

to its original condition.

East of the highway crossing it was also necessary to renew some of the ballast

in 24 of the cribs between the ties. It was not necessary to remove all the ballast for

the full length of the ties, and the portion in the center of the track was not disturbed.

The removed ballast was replaced, tamped and resealed, restoring it to the original

section. No work has yet been done west of the highway crossing due to the difficulty

in obtaining emulsified asphalt; however, when enough of this material is received to

finish the repairs, the work will be continued until completed. The repair work consists

of sealing the cracks along the edge of the ties with asphalt and sand.

To complete the repairs west of the highway crossing, it is estimated it will take:

^ cu. yd. of sand

100 gal. of emulsified asphalt

18 hr. time for one section foreman

Labor and material already expended to date at the highway crossing and east of

it are as follows:
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Yi cu. yd. sand

2 cu. yd. of stone

100 gal. of emulsified asphalt

16 hr. straight time, section foreman

2 hr. premium time

101 hr. straight time, section laborers

8 hr. premium time

The total expenditure in 1944 will be, actual and estimated:

Yi, cu. yd. sand

2 cu. yd. stone

200 gal. of emulsified asphalt

34 hr. straight time, section foreman

2 hr. premium time, section foreman

101 hr. straight time, section man
8 hr. premium time, section man

Except as enumerated above, no labor or material has been used on this test

section of track since it was repaired in 1943. The test section has remained in good

line and surface and rides well; to date it has given satisfactory results.





Report of Committee 5—Track

I. H. ScHRAM, Chairman,
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7. Welding of manganese castings in special trackwork, collaborating with

Committee 27-—Maintenance of Way Work Equipment.

Progress report, presented as information page S2S

8. Bolt tension necessary for proper supporting of rail joints.

Progress report, presented as information page 567

9. Report on special assignment—testing.

No report.

10. Recommendations on number and placing of anti-creepers for various

conditions.

Progress report, presented as information page 569

11. Investigate reactance value of spring washers, collaborating with Committee

4—Rail.

No report.

12. Study of stresses in tie plates.

Progress report, presented as information page 593

13. Means of conserving labor and materials, including the adaptation of sub-

stitute non-critical materials, and specifications for the reclamation of

released materials, tools and equipment, collaborating with Committee 3A

—General Reclamation of the Purchases and Stores Division, AAR.

Attention is directed to the monograph on Conservation and Reclamation of

Material for Maintenance of Way, by R. P. Winton, welding engineer,

Norfolk & Western Railway, which received advance publication in Bulletin

446, June-July 1944, and will appear in the monograph section of the

Proceedings in which this report will be published. No additional report is

presented at this time.

The Committee on Track,

I. H. ScHRAM, Chairman.

CImer ^f)oma£f l^otosion

The Committee on Track records with deep regret the death on September 1, 1944,

of Elmer Thomas Howson, for many years an active and enthusiastic member. .It

endorses in full the sentiments expressed on previous pages by other committees with

which he had been identified, and in the memoir prepared by the committee representing

the membership at large.

The Committee on Track records with sorrow the death on June 2, 1944 of Willis

Henry Lowther, division engineer of the Union Pacific Railroad at Denver, Colo. Mr.

Lowther was appointed to the committee in March 1942, and was a conscientious and

cooperative member whose loss is deeply regretted by his associates.
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Report on Assignment 2

Fastenings for Continuous Welded Rail

Collaborating with Committee 4—Rail

A. L. Bartlett (chairman, subcommittee), Lem Adams, W. G. Arn, E. W. Backes, W. S.

Boyce, O. U. Cook, H. F. Fifield, C. E. R. Haight, H. H. Harman, J. de N. Macomb,
G. M. Magee, E. E. Martin, J. A. Reed, M. K. Ruppert, R. E. Sampson, C. R.

Strattman, R. P. Winton.

This is a progress report, submitted as information.

Many installations of continuous welded rail have been in use for several years with

various types of anchorage, the amount of anchorage depending apparently on the judg-

ment and experience of engineers responsible for their respective installation. In general

the anchors used are sufficient to hold the rail with a reasonable degree of satisfaction.

One phase of this subject about which reliable data are lacking is the practical

resistance offered by the tie plates and spikes to movement of the rail due to the expan-

sion or contraction occasioned by temperature changes. With a view of obtaining this

information your committee has arranged with the New York, New Haven & Hartford

Railroad to butt-weld two strings of 131-lb. rail, each 1,200 ft. long, the location being

at New Haven, Conn.

It is planned to set up this rail in regular track construction with rock ballast, one

rail to rest freely on double-shoulder tie plates, the other to be spiked through the

double-shoulder plates.

One end of each rail will be fastened securely to a buttress to preclude movement

at that end, with the other end left free to move. Readings will be taken at 200 ft.

intervals along each rail through the maximum range of temperatures, which in New
Haven vary from —10 deg. to -f 100 deg. F.

At the conclusion of this test, anchors of several types will be applied by various

methods, and your committee believes that the data secured through these tests, supple-

mented by observation and information relative to installations of continuous rail now
in track under traffic will enable the preparation of a conclusive and comprehensive

report next year.

Report on Assignment 3

Plans and Specifications for Track Tools Including Their Repair

and Reclamation, with Recommended Minimum Limits

for Reclaimed Tools

Collaborating with Committees 1—Roadway and Ballast, 22—Economics of

Railway Labor, and with Purchases and Stores Division, AAR

W. E. Cornell (chairman, subcommittee), A. E. Botts, E. W. Caruthers, M. D. Carothers,

L. W. Deslauriers, J. A. Ellis, R. A. Gravelle, C. E. R. Haight, E. E. Martin, J. B.

Myers, C. J. Rlst, L. H. Roden, G. M. Strachan, J. G. Wishart.

Your committee recommends the following revisions to the Manual:

Double Faced Sledge—^Plan No. 13^2
That the 14-lb. and 16-lb. sizes be removed from the plan.
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I DOUBLE STRENGTH
STEEL PIPE,

STEEL
CASTING

APPRO;*. WT. 17 LB
TOLERANCE -

2% ON LENGTH
5%ON CROSS SECTION

NOTE
INSULATE BY USE OF FIBER BUSHINGS

AT BOTH ENDS WHEN REQUIRED
CENTER LINE TO BE MARKED ON GAGE

WHEN REQUIRED
NO TOLERANCE ALLOWED IN GAGE DISTANCE

AREA
TRACK GAGE

MAR 1936 PLAN NO 20-45

Track Gage—Plan No. 20

That Plan No. 20-45 be adopted for publication in the Manual in place of Plan

No. 20.

Report on Assignment 4

Plans for Switches, Frogs, Crossings, Spring and Slip Switches
Collaborating with Signal Section, AAR

E. W. Caruthers (chairman, subcommittee), Lem Adams, L. L. Adams, J. C. Aker,

C. A. Anderson, W. G. Arn, E. W. Backes, T. H. Beebe, F. J. Bishop, C. W. Breed,

M. D. Carothers, E. D. Cowlin, R. E. Grumpier, H. Q. Day, L. W. Deslauriers,

J. A. ElUs, J. W. Fulmer, R. A. Gravelle, C. E. R. Haught, N. M. Hench, A. B.

Hillman, A. F. Huber, W. G. Hulbert, C. T. Jackson, L. I. Martin, F. H. Masters,

R. E. Miller, J. B. Myers, G. A. Peabody, J. A. Reed, O. C. Rehfuss, C. J. Rist,

L. H. Roden, G. J. Slibeck, C. R. Strattman, H. N. West, R. P. Winton, J. G.
Wishart, M. J. Zeeman.

Your committee submits as information the following report of progress on this

assignment.

Plan No. 623-44-T, "No. 10 Rail Bound Manganese Steel Frog, 131-Lb. RE Rail

Section", was submitted in March 1944, for tentative use. During the current year a

number of these frogs have been manufactured and placed in service, but a sufficient

time has not elapsed to give any indication of the merits of this design. The service per-

formance of these frogs is being followed and will be reported at later date.
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A research program covering an investigation of the stresses in crossing frogs has

been undertaken and during the year four crossing frog corners, each of different design,

have been manufactured, placed in service successively at McCook, 111., and strain gage

measurements taken at critical points in the frogs where high stresses were anticipated.

These data are being studied and will be the subject of a report at a later date.

The Standardization Committee of the Manganese Track Society is collaborating in

this study.

Report on Assignment 7

Welding of Manganese Castings in Special Trackwork

Collaborating with Committee 27—Maintenance of Way Work Equipment

F. J. Bishop (chairman, subcommittee), Lem Adams, L. L. Adams, C. A. Anderson,
A. L. Bartlett, T. H. Beebe, E. W. Caruthers, H. Q. Day, L. W. Deslauriers, J. A.
Ellis, J. W. Fulmer, C. E. R. Haight, H. H. Harman, C. T. Jackson, G. M. Magee,
R. E. Miller, O. C. Rehfuss, C. J. Rist, M. K. Ruppert, R. E. Sampson, G. L. Sitton,

G. J. Slibeck, R. P. Winton, M. J. Zeeman.

This is a progress report, presented as information.

The work on this subject was assigned for the purpose of improving methods for

the repair of manganese trackwork by welding. The investigation is being carried out

in cooperation with the Chicago, Milwaukee, St. Paul & Pacific Railroad, the Toledo

Terminal Railroad, the American Manganese and Ramapo Ajax divisions of the Amer-

ican Brake Shoe & Foundry Company, the Pettibone Mulliken Company, the Morden

Frog & Crossing Works, the Cleveland Frog & Crossing Company and the Association

of American Railroads. The field investigational work is being conducted by the AAR
Engineering Division research staff under the supervision of G. M. Magee, research engi-

neer, and with the assistance of Randon Ferguson, electrical engineer; the laboratory work

is conducted by the Milwaukee Railroad laboratory staff of which L. E. Grant is engi-

neer of tests, and Jack Crossett, metallurgist.

The program for the investigation was designed to give information on the fol-

lowing:

1. Effect of different welding currents and sizes of electrodes.

2. Effect of different compositions of rods.

3. Effect of use of the cutting torch.

4. Effect of welding on deep ground surface.

5. Effect of coating on welding rods.

6. Effect of peening.

The original program may be found in the report of the Track committee. Pro-

ceedings, Vol. 41, 1942, page 573.

Twenty-four specially designed castings were installed in a heavy traffic slow speed

freight track of the Milwaukee Railroad near Mannheim, 111., in November 1939. The

castings were in three panels of eight castings each.

Installation of eleven No. 9 soHd manganese turnout frogs on the Toledo Terminal

in January 1942 gave an opportunity to obtain supplementary data on the test program.

All frogs carry the same traffic—approximately 40,000,000 gross tons per year—a rather

heavy traffic density.
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The castings on the Milwaukee Railroad were welded up on the west and center

panels November 25 to 30, 1942. Data on this welding are given in Table 1 of last year's

report, Proceedings, Vol. 45, 1944, page 342. The east panel has never been welded. The

frogs on the Toledo Terminal Railroad were welded in November 1943.

At the time of welding, oscillograph records were taken of the welding currents and

voltages of representative welds on both test installations. The results of these measure-

ments are reported in the Proceedings, Vol. 45, 1944, page 340. Profiles and various other

data were also taken at that time and as the wear progressed.

Milwaukee Railroad Installation

Periodic inspection of the castings has been made since installation and measure-

ments have been taken to determine the rate of wear and batter. Some of these obser-

vations were given in the above mentioned report. Several castings had developed weld

failures or spalling at that time. These will be discussed later.

Photographs of all the 24 castings were taken September 15, 1944, together with a

final set of profile readings, and a general inspection was made at that time. The views

are shown in Figs. 1 to 6. The welding current values given under the individual views

are the "arc" values as determined from the oscillograms. Rates of wear and batter at

selected points on the castings are plotted in Figs. 7 to 9. The wear and batter were

measured along four lines across the width of the running surface and at seven sections

along the length of each casting. Fig. 10 gives a plan of the measurement locations. Those

locations selected for plotting in Figs. 7 to 9 are the points of greatest and most repre-

sentative wear. Position A-4 is at the point, D-3 the wing reading nearest A-4 and

7?1 -I- f?7— . is the average of two locations, one on the wing and one on the point at the
2

ends of the casting at about the middle of the wheel bearing.

The photographs for the east panel show good appearance and little cracking or

spalling. This panel has not been welded up at all and in spite of the good visual appear-

ance it is in need of repair because of the large amount of batter. Actual inspection of

the castings in place revealed that E-1 and E-4 had small horizontal cracks in the turn-

out side flangeway. All of the castings had a small horizontal crack on the turnout side

of the point. The profiles, Fig. 7, indicate that the batter and wear on these castings is

considerable, being as much as 0.35 in. at the point on some, and has progressed at an

approximately linear rate with respect to time. The point of the casting (A-4) shows

the greatest loss with the wing (D-3) perceptibly less. The individual castings show some

appreciable differences in total batter and wear. However, if the loss at locations Bl and

B7 at the ends of the castings may be considered to represent wear, and the difference

between this loss and that at the point A^ may be considered batter, as seems reason-

able, then the batter at the individual castings is remarkably uniform—varying less than

10 percent.

It was also noted that E-3, E-5, and E-7 were very loose in the fishing surfaces.

This is probably responsible for the greater wear on two of these castings as shown at

locations Bl and B7.

The center panel (illustrated in Figs. 3 and 4, rates of batter and wear recorded in

Fig. 8) was welded the latter part of 1942 and this is indicated by the discontinuity in

the wear trends shown in Fig. 8. It is noticeable in all castings of the center panel and

nearly all of the west panel in Fig. 9 that the height of the point was not brought back

(text continued on page 536)
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Fig. 1.—Views of Four Test Frogs of East Panel—Mannheim Test Installation—Chicago,

Milwaukee, St. Paul & Pacific, Taken September IS, 1944. Not welded.
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Fig. 2.—Views of Four Test Frogs of East Panel—Mannheim Test Installation—Chicago,

Milwaukee, St. Paul & Pacific, Taken September IS, 1944. Not welded.
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?

I

^y

Fig 3 —Views of Four Test Frogs of Center Panel—Mannheim Test Installation-

Chicago, Milwaukee, St. Paul & Pacific, Taken September IS, 1944. C-1.—SS rod, coated,

95 amp.; C-2.—SS rod, stainless bond under NMG., 110 amp.; C-3.—NM rod, bare,

75 amp. ; C^.—NM rod, bare, 95 amp., no peening.
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Fig. 4.—Views of Four Test Frogs of Center Panel—Mannheim Test Installation

—

Chicago, Milwaukee, St. Paul & Pacific, Taken September 15, 1944. All rods bare. C-5.

—

CMM rod, 95 amp.; C-6.—NM rod, 75 amp.; C-7.—NM rod, 95 amp.; C-8.—NM
rod, 125 amp.



Track 531

Fig. S.—Views of Four Test Frogs of West Panel—Mannheim Test Installation

—

Chicago, Milwaukee, St. Paul & Pacific, Taken September 15, 1944. All rods bare. W-1.
—NM rod, 125 amp.; W-2.—CMM rod, 95 amp., cut by torch, point not ground, wing
ground; W-3.—NM rod, 100 amp., NM casting; W-4.—CMM rod, 100 amp., NM
casting.

I
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•i\

Fig. 6.—Views of Four Test Frogs of West Panel—Mannheim Test Installation

—

Chicago, Milwaukee, St. Paul & Pacific, Taken September 15, 1944. W-5.—CMM rod,
coated, 110 amp.; W-6.—NMB rod, coated, 145 amp.; W-7.—NM rod, hare, 95 amp.,
ground ^-in. depth ; W-8.—NMG rod, coated, 140 amp.
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Fig. 7.—Wear Measurements—Special Test Castings—Mannheim, 111.
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Center Panel

Fig. 8.—Wear Measurements—Special Test Castings—Mannheim, 111.
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(text continued from page 526)

by about 0.10 in. to the original level by the welding. The wing was restored or even
raised slightly above the original height in some cases.

All of the castings of the center panel except C-3 show considerable spalling of point
or wing or crushing out of the welded material. The exceptional casting was welded
with ^-in. bare nickel manganese rod with 75 amp. actual welding current. Close inspec-

tion showed a small crack on the point. This low current was apparently sufficient for

this size rod. The rate of batter and wear remained about the same after welding.

The stainless steel weld (C-1) has the second best appearance in the panel with

only a small spall on the wing and a flangeway crack; the batter and wear progressed

Fig. 10.—Location of Profile Readings—C.M.St.P. & P.

at approximately the same rate after welding as before. The stainless bonded weld with

gray coated nickel manganese rod (C-2) had considerable spalling and the rate of batter

and wear was greater after welding.

Casting C-4 was not peened. Its condition is poor and the rate of wear accelerated

after welding.

Casting C-5 was welded with copper molybdenum manganese rod with a current

of 95 amp. It is also in poor condition, as the measurements and photograph show, and

had a rapidly increased rate of batter and wear after the weld started to fail.

Welds on Castings 6, 7 and 8 are nominally identical except that welding currents

of 75, 95 and 125 amp., respectively, were used. C-6 with the lowest welding current

failed first as reported last year and is now in very bad condition. Castings C-7 and

C-8 now show spalling at the frog point, but it will be noted from the photographs

that the condition of these frogs is better and the amount of batter and wear is much

less than that for casting C-6. The weld on C-6 shows accelerated batter and wear after

the weld started to fail similarly to C-5. The current was apparently too low for good

penetration in both cases. The currents for C-7 and C-8 were as high as considered

necessary by the welder at the time the weld was made; thus, the cause of the spalling

is not clear. Laboratory examination may give information on the subject.

The castings of the west panel were generally in better condition than those of the

center panel. Views of the west panel are shown in Figs. 5 and 6 and rates of batter

and wear in Fig. 9. As noted for the center panel, the point of each casting in the west

panel was not welded up to the original level by more than 0.10 in. in some cases,

whereas the wing in other cases was welded higher than originally.
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Casting W-1 which was welded with J^-i^^- diameter nickel manganese rod, was in

good condition as was also casting W-2, which was cut with an acetylene torch before

welding, the wing being ground before welding and the point being welded directly on

the cut surface. It was expected that this weld, particularly on the point, would show

early failure.

Casting W-3 had a very small chip out of the wing. This was a nickel manganese

casting welded with nickel-manganese rod and 100 amp. welding current. Casting W-4
of the same type was welded in the same way, but with copper molybdenum manganese

rod and was in good condition.

Casting W-5, welded with coated copper molybdenum manganese rod at 110 amp.

current, was spalled on the wing which is also reflected in the batter and wear measure-

ments in Fig. 9.

Casting W-6, welded with coated nickel manganese rod and a high welding current,

145 amp., was in good condition.

Casting W-7 was ground about J4"in- deep before welding and welded with nickel

manganese bare rod and 95 amp. current. This casting was in good condition except for

a small spall on the wing.

The weld that showed marked deterioration (W-8) was made with nickel manganese

coated rod. The welding current was 140 amp. which was higher than generally used.

The casting showed an accelerated rate of wear and batter after the weld started to fail.

Resume of Results—Milwaukee Railroad Tests

A tabulation of the condition of the test castings on September 15, 1944, and the

particular conditions for making each test weld are given in Table 1. Reference to this

table will be helpful in following the comments given below.

1. Welding Current and Size of Electrode fC-J, 6, 7, 8 and W-1).—It is evident from

the tests that 75 amp. welding current was not sufficient to give good results with ^^-in.

diameter rod. There seems to be no outstanding difference in the performance of the

various sizes of rod. The welds, made with ^-in. and yi-m. diameter rod are both in

better condition than those made with the I's-in. rod, but this is probably due to some

other factor than rod size. The ^-in. rod has the disadvantage of requiring more time

for welding than the iV-in. rod, and the ^-in. rod has an advantage in this respect.

2. ESect of Composition of Rod (C-1, 2, 5, 7 and W-3, 4).—^There was no out-

standing superiority in the performance of any particular composition of rods used in

this test.

3. Effect of Use of Cutting Torch (W-2).—Contrary to expectations, the test weld

made on the acetylene flame cut surface has shown good performance whether the weld

metal was apphed directly to the flame cut surface or the surface was ground before

welding.

4. Effect of Welding on Deep Ground Surface (W-7).—Removing the work-

hardened surface to a depth of %-\n. by grinding before welding has resulted in a fairly

good performance, but not particularly superior to that obtained without the grinding.

5. Effect of Coating on Welding Rods (W-5, 6, 8).—One of the coated nickel-

manganese rods gave good performance while the other gave poor results. The coated

copper-molybdenum-manganese rod gave good performance. In general, there seems to

be no outstanding superiority of the coated over the bare rods. The coating apparently

lowers the arc resistance because much higher current values were measured with the

coated rod than with bare rod for the same setting of the welding generator.

6. Effect of Peening (C-4).—The performance of the test weld made without peen-

ing was not satisfactory. (text continued on page 539)
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Table 1

Coadition o£ Progs - September 15, 1944 - Milwaukee Railrodd Test

^rog .Rod, Coat-
*'o. ing

Current Spalling Wear and
Arc Batter

Conments

E-1
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(text continued from page 537)

7. Effect of Welding During Cold Weather.—The temperature was much colder

when the west panel was welded than when the center panel was welded. Although

this is not thought to be the cause of the better performance of the west panel, never-

theless, it does indicate equally satisfactory welds can be made in either cold or moderate

weather.

Toledo Terminal Railroad Tests

As stated previously, eleven No. 9 solid manganese turnout frogs installed on the

Toledo Terminal Railroad in January 1942 were taken as an additional test installation

to supplement the tests on the Milwaukee Railroad. These Toledo Terminal frogs all

carried the same heavy traffic, 40,000,000 gross tons per year, which produced batter and

wear at a relatively rapid rate. The condition of these frogs was such that they were

welded in November 1943. The welding program was arranged to determine the effect

of peening, pregrinding and amount of welding current. The welding conditions were

given in last year's report. Proceedings, Vol. 45, 1944, page 354. Five of the frogs were

welded with nickel manganese rod, five with copper-molybdenum-manganese rod and

one with coated copper-molybdenum-manganese rod.

At the time of the welding oscillograms were made of the welding current and

voltage on several of the frogs. Some of these records were reproduced and discussed in

last year's report. Proceedings, Vol. 45, 1944, page 349.

Profile Measurements

In September 1944 an inspection was made of the frogs, photographs were taken,

and contours were drawn across the top of each frog at four locations. Figs. 11 to 13

are views of the 11 frogs taken on September 6. The condition of each frog may be

judged from these photographs. The welding conditions are noted for each below the

photograph and the arrows indicate the direction of main line traffic.

Contours were not obtained of the new frogs when they were installed, so the

design section and dimensions were taken as representing the original contour. Three

sets of measurements of the contours of the 11 test frogs were taken, and Fig. 14 for

Test Frog No. 6 demonstrates the method of plotting the data and determining the

amounts of wear shown in Table 2. One set was taken just before welding, another after

welding, and the last set in September 1944. The heavy dashed line represents the design

or new section. Contours were taken 9 in. ahead and J^ in., 6 in., and 14 in. back of

the frog point. The arrow indicates the flangeway used by main line traffic and the

direction of traffic.

These frogs had wing risers, the wing being tV in. higher than the point at the

l4-in. and 6-in. sections and of the same height at the 14-in. section, according to the

design. However, it appears from the contours that the wing riser actually extended

somewhat back of the 14-in. section.

The greatest wear occurs on the point and on the wing rail carrying the main line

traffic. Most of the wear shown by the contours is at the J^-in. and 6-in. sections.

Accordingly, these sections were considered of most significance, and the loss of area com-

pared to the original design section was measured by a planimeter for the contours

obtained in the three sets of measurements, and these areas are shown in Table 2,

together with pertinent welding data and a comment on the general condition of the

frog at the time of measurement. The area of wear at the point and both wings at each

section is shown separately and the total wear also given.

The loss of area is seen to be greatest on the wing rail where the outer part of the

wheel tread strikes the wing riser. The loss at that place before welding in some cases

L
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Fis 11 -Views of Four Test Frogs on Toledo Terminal Railroad, Taken Septernber

6 1944 All rods bare. No. l.-Woodville Team, NM rod, 125 anip.; No. 2.-Cottrel

Coal NM rod ISO amp.; No. 3. Woodville Crossover, NM rod, 150 amp., ground

^-in. depth; No. 4.—Sun Oil, NM rod, 90 amp., rewelded May 1944.
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Fig. 12.—Views of Four Test Frogs on Toledo Terminal Railroad, Taken September

6, 1944. All rods bare. No. 5.—Harbauer, NM rod, 150 amp., not peened; No. 6.—Hickson

Peterson, CMM rod, 125 amp.; No. 7—Ohio PubUc Service, CMM rod, ISO amp.; No.

8.—Starr Crossover, CMM rod, 90 amp.

I
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Fig. 13.—Views of Three Test Frogs on Toledo Terminal Railroad, Taken Sep-

tember 6, 1944. No. 9.—Consaul Storage, CMM rod, bare, ISO amp., not peened; No.

10.—Consaul Crossover, CMM rod, bare, 150 amp., ground J4-in- depth; No. 11.—

Vickers —Crossover, CMM rod, coated, 150 amp.
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Table 2

wear of Manganese Steel Frogs on Toledo Teruinal Railroad at Two Cross Sections

Areas are in square inches and with respect to design cross section. Readings takenNovember 1943 are after welding. All welds peened unless otnervdse noted! Bare^Sused except for No. 11 which was coated.
""i-ea. bare rod

Frog No» Section at-6 in. Section at-l/2"
and

Name
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Frog
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was over 0.30 sq. in. in area of cross section, with a total loss of over a square inch for

the whole cross section in some cases. An effort should be made to determine whether

the riser is too high with respect to the average worn wheel contour, and the manner

in which the frog wears should be studied. It is apparent from the areas that the wear

had not progressed as far at the time of the last set of readings as at the time the frogs

were welded.

The results as far as wear is concerned do not seem to be consistent with respect

to any of the welding features. The welds with 150 amp. welding current have some of

the larger total losses in area but on the other hand three welds with the same current

r' Legend '/'^

-Oct. 1943 /

-Nov. 1943 '

-Sept. 1944

-T

4'- 8/^ gage

1 Section at - 14
1

I

J*^Design cross- section

I
^

I Section lit - 6"

^^

Toledo Terminol R. R.

Test Frog No.6.,Hickson Peterson

Section of j-/^'

Section at + 9
WingWhetl^Rlser

|

»j! Running Surface

Sactloni at + 9"-J^"-^l4'

No. 9 Solid Manganese Steel Frog ( No. I Design)

for 112- lb. RE Roil. Installed Jon. 1942.

Ttiis profile meosured Oct.l943,Nov.l943,Sept.l944

Frog built up by welding Nov. 1943

Fig. 14.—^Typical Contours of Toledo Terminal Railroad Test Frogs.

had values in the lower range of values. Incidentally, two of these latter three were not

peened and one was preground J4 i"- deep. Three types of rod were represented in the

comparisons, with no distinctive differences seen in the wear.

Several of the frogs had shown heavier wear than others before welding. These

were Nos. 7, 6, 2 and 1. Three of these had heavier wear after welding than the others.

The total loss of section on Nos. 7, 6 and 1 before welding was well over a square inch.

Hardness readings were taken April 13, 1944, with a King portable Brinell hardness

tester. These values are given in Table 3. There seems to be no correlation between

the hardness values and the amount of the wear. For instance No. 6, with a hardness

number of 520 in the outer (left) wing, has high wear or loss of section. No. 4 with

the same hardness is one of the three lowest in loss of metal. It should be noted that the

hardness readings were taken only on the wing. The readings were made by R. E.

Cramer, special research associate professor of engineering materials. University of

Illinois.



546 Track

Shape of Wing Risers

Study of the frog contours and of the condition of the frogs, Figs. 11 to 13, indi-

cates that considerable improvement can be effected in the frog contour when new or

welded. At 14 in. back from the actual frog point, the wheels just begin to strike the

wing and at this cross section the point and wings should be at the same elevation, but

actually they were not in these frogs. More care should be given to this in making new

frogs.

At 6 in. back of the actual frog point on these No. 9 frogs, the wing riser should

have its full height above the frog point, but this should only be s^-in. instead of A-in.

The present wing riser of tk-in. above the point causes too much cold working and flow

of the wing before it becomes depressed to fit the average worn wheel contour.

From 6 in. back of the actual frog point to the point, the point might well slope

downward slightly so the top of the frog point would be #2 in. below the general running

surface elevation. Thus, at the actual frog point, the wing would actually be iV in.

higher than the point, but the wing would only be s^ in. above the general running

surface and the point would be 5^2 in. below. This is further illustrated in the diagram

of Fig. IS.

Resume of Results—Toledo Terminal Tests

The effect of the several factors will be discussed in the order of the outlined pro-

gram previously given.

1. Amount of Welding Current.—The welding currents for these tests were in general

higher than for the field tests on the Milwaukee Road. The setting of the welding cur-

rent for both tests was to a large extent based on the recommendations of experienced

welders on the respective railroads. The welders selected currents for the tests that in

their experience would be low, correct and high, as the case might be.

All welds were made with ^^-in. diameter rod. One frog (No. 8) welded at 90 amp.

had a cracked point, and the point of another (No. 4) had spalled so badly by April

1944 that it had to be rewelded. It seems evident that 90 amp. was too low a current

for this size rod.

General Running Surface- yie", «/ie"
_V I Wing Riser^^

^0}hl "^, ^^8\Uvi^">J.

^Actual Point of Frog

Present Wing Riser

Wing Riser

General Running Surfaceurface^ ^32 :s2

20t/4" f
i.1 lY

^Vt" .. 61 I 8!

^Actual Point of Frog

Suggested Wing Riser ond Depressed Frog Point

Fig. IS.—^A Study of Frog Profiles.
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At 125 amp. welding current, one frog welded with copper-molybdenum-manganese

rod had a chipped wing rail, and three welded with the same rod at 150 amp. were in

good or fair condition. One frog welded with the nickel-manganese rod at 123 amp.

was in fair condition, and of three welded with the same rod at 150 amp., one was

fair and two spalled. Based on these few tests, 150 amp. current would seem to be best

for the copper-molybdenum-manganese rod and a somewhat lower current for the nickel-

manganese rod. In both the Milwaukee and Toledo Terminal test installations, the welds

with lowest welding current gave the least satisfactory performance.

2. Effect of Composition of Welding Rod.—Five frogs were welded with bare

copper-molybdenum-manganese rod and five with bare nickel-manganese rod. Of the five

copper-molybdenum-manganese welds, two were in good condition, one fair, and two

spalled. Two of the nickel-manganese welds were in fair condition and three had spalled.

Considering that the two spalled welds with the copper-molybdenum-manganese rod

were at the lower welding currents, the performance of this rod is somewhat more

favorable in these tests.

3. Effect of Use of Cutting Torch.—No test was made where a cutting torch was

used on the casting.

4. Effect of Welding on a Deep Ground Surface.—Two frogs were welded after

removing the work-hardened surface metal by grinding to a depth of ^-in. The weld

with copper-molybdenum-manganese rod was in good condition and had little wear.

The weld with nickel-manganese developed a chipped wing. Thus, the results obtained

were substantially the same as the welds made without grinding and the grinding appears

to have been of Httle, if any, benefit.

5. Effect of Welding with Coated Rods.—Only one frog was welded with coated

rod. The wing rail on this frog had started to chip, but the wear had been quite low.

Comparable welds with bare rod were in good or fair condition. On the Milwaukee tests

the same kind of rod gave good results, although other coated rods did not. It would

seem desirable to make additional tests with this rod at other welding currents before

forming conclusions.

6. Effect of Peening.—Both unpeened welds were in good or fair condition with

low wear values. This is contrary to expectations as to the effect of peening, and to the

results of the laboratory investigation. Some evidence in the Milwaukee tests indicated

that peening helped although it was not very conclusive. Peening was found beneficial

in the laboratory study in preventing cracks in the weld material and increasing the

hardness of the weld.

Second Report of Laboratory Investigation of Welding of

High Manganese Steel

As previously reported (Proceedings, Vol. 44, 1943, page 453) laboratory studies

are being carried out on welding of high manganese steel by the engineer of tests of

the Milwaukee Railroad in cooperation with the research engineer of the Engineering

Division, Association of American Railroads. The following is the second report of this

investigation and describes the results of additional tests made subsequent to those of

the previous report.

Welding Rods

Seven different types of welding rods were used in these tests, all I'c-in. diameter.

Four of the rods, designated B, C, D and E were of the same type as used in the tests

covered in the previous report. The compositions in percentages are as follows:

(text continued on page 555)
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Fig. 16

t^

Fig. 17

-'• .•^

These are peened multipass welds made on work-hardened test bars. Nickel man-
ganese rod B was used for the weld in Fig. 16 and copper-molybdenum-manganese
rod E for the weld in Fig. 17. Both welds are sound and free from cracks but Fig. 16

shows considerably more carbide segregation at the weld junction with the base metal.

X 100.

/:

Fig. 18

.iTjfi?*'

Fig. 19

These are peened multipass welds made on work-hardened scrap frogs. Nickel man-
ganese rod C was used. Before making the weld shown in Fig. 19 the work-hardened

surface was removed for a depth of ]4, in- by grinding. No grinding was done for Fig. 18.

Both welds show cracks. The work-hardened surface is indicated by the smaller grain

size of the base metal in Fig. 18. The carbide segregation at the weld junction is some-

what more prominent on the work-hardened surface, but the cracking was worse on

the preground surface. X 100.
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Fig. 20 Fig. 21

These are peened multipass welds made on work-hardened scrap frogs, using copper-

molybdenum-manganese rod D. The surface for Fig. 21 was preground for % in. depth.

The weld juncture appears to be as free from carbide segregation without the grinding

as with the grinding. Both welds are sound and free from cracks. X 100.

. J'

Fig. 22

These welds are similar to

molybdenum-manganese rod E.

ground weld at the right does

was not preground. X 100.

Fig. 23

those shown above except they were made with copper-

Both welds are sound and free from cracks and the pre-

not appear to be superior to the weld at the left which
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Fig. 24

This is a micrograph at 80 diame-
ters of an arc cut surface, the cut edge

being at the top of the picture. The cut

was made through a test bar. The
depth of the heat-affected zone is in

excess of 0.08-in., or twice as much as

in the previously reported case with the

flame cut surface.

.JtL.
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Fig. 25 Fig. 26

These micrographs are of welds made on flame cut surfaces of test bars. The weld
in Fig. 25 was made with nickel-manganese rod B and in Fig. 26, with copper-

molybdenum-manganese rod E. The base metal at the weld junction is cracked in both

welds. X 100.

'\

'.*- ^.'V'iS.

^v^:

.w#f^-nii

Fig. 27

\
Fig. 28

These welds were made on arc cut surfaces of test bars, the one at the left \vith

rod B and at the right with rod E. The base metal is also cracked in these welds.

X 100.



552 Track

3?U-*'^S'"*'^

Fig. 29

These welds were made on flame cut surfaces of test bars with nickel-manganese

rod B. The flame cut surfaces were ground before welding, at the left to a depth of

ife-in. and at the right to a depth of J^-in. In both welds, the base metal was cracked

at the weld junction. X 100-

Fig. 31 Fig. 32

These welds are similar to those shown in Figs. 29 and 30, except they were made
with copper-molybdenum-manganese rod. The base metal is cracked at the weld junction

in Fig. 31 with tW-in. pregrinding, but not in Fig. 32 with J^-in. pregrinding. However,
the weld junction is not as good as in the test weld made without the flame cutting

(Compare with Fig. 17 this report and Fig. 11 previous report). X 100.
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Fig. 33 Fig. 34

These welds were made on arc cut surfaces of test bars with nickel-manganese

rod B. The arc cut surfaces were ground before welding, at the left to a depth of iPg-in.

and at the right to a depth of ^-in. The weld at the left shows cracks in the base metal

at the weld junction. There were no cracks in the weld at the right with the deeper

grinding, but the structure is not as good as shown in Fig. 16. X 100.

*"p- _x.<

Fig. 35 Fig. 36

These welds are similar to those in Figs. 33 and 34, except they were made with
the copper-molybdenum-manganese rod E. The same comments also apply for these

welds (Compare with Fig. 17). X 100.
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Fig. 37

«4i r

^^^.-:-#''^i
Fig. 38

-^"jrv^^^r

YGt-^ These welds were all made on
flame cut surfaces of a scrap frog: At
upper left with nickel-manganese rod

C; at upper right with copper-

molybdenum-manganese rod D; and at

lower left with copper-molybdenum-
manganese rod E. These welds have
cracks in the base metal at the weld
junction, although not to the same ex-

tent as with the flame cut test bars.

X 100.

Fig. 39
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(text continued from page 547)

Designation of Rod
B C D E F G H

Carbon 0.70-0.96 0.75-0.90 0.88 0.81 .07-17 0.10 0.75

Manganese 13-15 13.0 12.98 13.47 3.30-3.75 0.49 12.60

Phosphorous 0.05 Max. 0.05 Max. 0.038 0.034 0.018 0.059

Sulfur 0.07 Max. 0.05 Max. 0.007 0.009 0.026 0.006

Silicon 0.90-1.20 ... 0.64 0.40 0.80 Max. 0.04 1.55

Nickel 3.4-4.0 3.0 Nil Nil 9.0-9.7 Nil 2.62

Molybdenum ... 0.46 0.05 1.10 Max. Nil 0.05

Copper ... 1.32 0.30 18.0-20.5 0.02 0.19

Chromium Coated . No Yes No Yes No Yes No

Rods B, C, and H are of the nickel-manganese type. Rods D and E are of the

copper-molybdenum-manganese type. Rod F was an austenitic type armor plate weld-

ing rod. Rod G was an unalloyed low carbon welding rod, the alloy being provided in

a very thick coating.

Effect of Welding on Work Hardened Surfaces

The practice has been advocated by some of grinding away the work-hardened

surfaces on manganese trackwork before applying weld metal. In order to study the

effect of welding on work-hardened surfaces, two series of test welds were made and

the weld structure examined in the laboratory. One series included welds made on the

small test bars described in the previous report. These bars were 1-in. by 2J^-in. by

''^1
'm

Fig. 40a Fig. 40b

These are micrographs of a weld made on a work-hardened test bar with the

austenitic type armor plate welding rod F. Fig. 40a shows the weld etched in 4 percent

nital and Fig. 40b etched in aqua regia. The weld structure is similar to that produced
with the stainless steel rod shown on page 466 of the previous report. The weld struc-

ture is good, but there is considerable carbide segregation at the weld junction. The
hardness is somewhat less than for the stainless steel rod as shown below. X 100.

Distance

Below Surface 159 Brinell

-^-in 159

%-in 163

A-in 170

J4-in 229

l^-in 229

i^-in 229
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Fig. 41.—Frog Wings and Points Welded by the Toledo Terminal Railroad with Four
Different Test Rods at Three Different Amperages.

Fig. 42.—^Views of Welds, After Etching.

Deposited with copper-molybdenum-manganese rod D. These welds are satisfactory

and free from cracks. Left 100 amp., middle 130 amp., right 160 amp.
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Fig. 43.—\'iews of Welds alter Etching. Deposited with copper-molybdenum-
manganese rod E. These welds are satisfactory and free from cracks except for cracks

which are continuations of cracks in the old weld. Left 100 amp., middle 130 amp.,
right 160 amp.

10-in. in size and of the same chemistry and heat treatment generally, as that used for

manganese trackwork. Prior to welding, the bars used were work-hardened under a

Bradley hammer. Another series of welds was made on cold worked scrap frogs not

ground and ground to a depth of ^-in. Figs. 16 to 40, inclusive, are photomicrographs

of the welds made with a magnification of 100.

Effect of Welding on Flame Cut or Arc Cut Surface

In the previous report a micrograph was included (page 471) of a flame cut edge

showing that the austenitic structure of the manganese was affected by the heat from

the cutting torch to a depth of approximately 0.04 in. In order to study this further, a

similar micrograph was made of an arc-cut surface. In addition, welds were made on

arc and flame cut surfaces of test bars, without grinding and with various amounts of

grinding and on flame cut scrap frogs without grinding.

Effect of Amount of Welding Current

The previous report included welds made on test bars with normal and high weld-

ing currents, but the amount of current used was not accurately known. There was also

some question as to whether the results obtained would be the same on the test bars

of relatively small size as on full size frogs. Accordingly, arrangements were made with

the Toledo Terminal Railroad to make welds with four different welding rods using

welding currents of 100, 130, and 160 amp. These current values were established by

means of oscillograph measurements and the burning time for the rods. A scrapped frog

was selected for the tests and the welds were made on surfaces which were thought not

to have been previously welded. It was found when the welds were etched in the labora-

tory that in most cases the surface had been previously welded and this detracted

considerably from the value of the tests.

For all welds, the surface was cleaned by grinding as required. The deposit was

made with the current shown, one-half rod being deposited, peencd, and wire brushed.
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100 amp.

160 amp.

Fig. 44.—Views of Welds Deposited with Alloy Coated Rod G at Three Different

Welding Currents. The welds were etched in hot dilute hydrochloric acid before photo-

graphing. These welds are all unsatisfactory. The surfaces are porous and pitted and show
considerable tendency to crack. Upper left 100 amp., upper right 130 amp., below
160 amp.
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Fig. 45.—^Views of Welds after Etching. Deposited with nickel-manganese rod H.
These welds show a tendency to develop cracks. Left 100 amp., middle 130 amp., right

160 amp.

Fig. 46.—^Views of Cross Sections Through Welds after Etching. Made with copper-
molybdenum-manganese rod D. Some small porous areas are evident, but the welds are

generally free from cracks. The 130 and 160-amp. welds were made in part over old

welds, and in the case of the 160-amp. weld the old weld was badly cracked. Left 100
amp., middle 130 amp., right 160 amp.
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100 iimperes

itmperes

Fig. 47

Actual size

view of cross
sections through

welds, after etch-

ing, made with

copper - molyb-
denum - manga-
nese rod E.
These welds
show small por-

ous areas, but

not cracks. The
test welds were

made over old

welds.

Rockwell (B -Scale) hardness readings taken on the surfaces of the test welds were

similar regardless of the kind of rod or the amperes used in deposition.

Surface Hardness, Rockwell B-Scale

Welding Current

Kind of Rod 100 Amp. 130 Amp. 160 Amp.

Copper-molybdenum-manganese D 99 101 99

Copper-molybdenum-manganese E . . . .
.• 99 98 98

Alloy coated G 97 98 97

Nickel-manganese H 99 97 99
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160 ^liperes

Fig. 48.—Actual size views of cross sections through welds, after etching,

made with alloy coated rod G. These welds show considerable porosity and

small cracks. They were not made over old welds.
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100 iottperes

Fig. 49

Actual size views of cross sec-

tons through welds, after etch-

ing made with nickel-manganese
rod H. Some porosity and cracks

are shown. The welds were not
made over old welds.

160 jynperes
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100 amp. 130 amp.

Fig. SO.—Micrographs at 100 diame-
ters magnification of welds made with
copper-molybdenum-manganese rod D
with various welding currents. The
micrograph of the weld made at 100

amp. had a large crack present in the

base metal which spread up into the

weld. The crack is believed to have
been present in the base metal before

the test weld was applied, as this crack

was not typical of deposits made with
this rod. The junction areas of the orig-

inal welds and the test welds made
with 130 and 160 amp. were fine

grained and free from any defects.

160 amp

The use of different amperages might be expected to produce a difference in grain

size and possibly hardness of the deposited metal. Excess carbide precipitation in the

base metal at the weld junction and cracking of the weld metal might also be expected

with the higher currents. However, so far as could be determined from the test welds,

there was no consistent relation between any of these and the welding current used.

There was some indication of an increased amount of porosity in the welds made at

160 amp. The study has emphasized, however, the importance of having the surface to

be welded free from cracks.

Summary of Laboratory Investigation

The following is a summary of the laboratory investigation to date on this assign-

ment, including the data previously reported in the Proceedings, Vol. 44, 1943, pages

453 to 472, inclusive. Studies were made of test welds on special bar castings of heat

treated manganese steel such as is used in special trackwork and also of test welds on
full size frogs which had been removed from track and scrapped. In interpreting the

k
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100 amp. 130 amp.

160 amp.

Fig. 51.—Micrographs at 100 diame-

ters magnification of welds made with

copper-molybdenum-manganese rod E
with various welding currents. The
weld deposited with this rod at 100

amp. was fine grained and the cracks

present in the original weld did not
spread into the test weld. The weld
made with 130 amp. was fine grained

and the junction between the original

weld and the test weld was free from
cracks. The micrograph of the 160 amp.
weld was made at the junction between
the weld and base metal. There were
some small discontinuous cracks in the

base metal which did not spread into

the weld.

results, it has seemed reasonable to assume that welds showing the least cracking, por-

osity, and carbide precipitation of the base metal and a fine grain structure will give

the most satisfactory service in track.

The laboratory study showed that four important factors are involved in obtaining

satisfactory welds on high manganese steel, as follows:

(a) A sound and uncracked base metal upon which the deposit is laid.

(b) A minimum heat effect upon the base metal, to prevent cracking and

carbide precipitation at the grain boundaries.

(c) A weld junction with a minimum of carbide precipitation, to prevent a

zone of weakness or brittleness.

(d) A weld deposit free from cracks and inclusions with good grain structure

and satisfactory hardness.

Peening the weld deposit was found to have a beneficial effect upon preventing

cracking and also increased its hardness appreciably.
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100 amp. 130 amp.

ii}\-<yiz't.'

Fig. 52.—Micrographs at 100 diame-

ters magnification of welds made with

alloy coated rod G with various weld-

ing currents. The micrograph of the

welds made with 100 amp. current

shows all weld metal, coarsely dentritic,

with a large crack paralleling the den-

trites. The micrograph of the weld

made with 130 amp. shows the junc-

tion of the test weld with the original

weld and brings out the cracks in the

test weld. The micrograph of the weld

made with 160 amp. is at the junction

of the test weld and the base metal.

The junction was free from cracks, but

the weld metal was cracked. Consider-

able porosity is also evident.

160 amp.

A high welding current produced cracking of the weld deposit and of the base

metal at the weld junction in the welds on the small test bars. In the welds on the full

sized frogs, the amount of welding current produced no appreciable difference in the

welds except for somewhat more porosity with the high current.

The use of a small diameter welding rod appeared to reduce somewhat the heat

effect upon the base metal, but not markedly so.

The copper-molybdenum-manganese type welding rods produced a sounder weld

deposit, a better appearing weld junction, and somewhat less heat effect upon the base

metal than the nickel-manganese type rods.

There were no significant differences between the appearances of welds made with

bare and coated rods.

Examination of the surface of a test bar which had been carefully cut with an

acetylene torch showed heat effect upon the grain structure for a depth of 0.04 in. An
electric arc cut surface similarly made showed heat effect for a depth of 0.08 in.



566 Track

> -. r.-z^-i

AX

100 amp. 130 amp.

Fig. 53.—Micrographs at 100 diame-
ters magnification of test welds made
with nickel-manganese rod H. All

micrographs show the junction between
weld and base metal. All welds were
sound and free from cracks. The de-

posit made with 160 amp. was much
finer grained than with the lower cur-

rent, but shows considerably more
porosity.

160 amp.

Welding of a flame cut and arc cut surface with no grinding showed that cracks

were produced in the base metal as a result of the welding. Grinding the cut surface

to a depth of tW in. did not eliminate the formation of these cracks, and the tests indi-

cate a depth of grinding of J^ in. or more would be required to eliminate them.

No apparent advantage was indicated for grinding the cold worked surface before

welding, provided the surface was clean and free from cracks.

The stainless steel welding rod did not offer particular promise of good results.

The investigation has shown that it is of the highest importance to prepare the

base metal properly before welding, being sure that it is clean and free from cracks.

The fine cooperation extended by the Milwaukee Railroad and its engineer of tests

and staff is appreciated.
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General Conclusions from Laboratory and Field Tests

The foregoing report is presented as information to advise those interested of the

progress of the investigation. Certain tentative conclusions and comments are given below

that appear to be justified or indicated by the results. The effect of some factors was

indeterminate and needs further observation and data before making definite recom-

mendations.

(a) It has been found very important to remove by grinding any cracks or defec-

tive metal before applying the welding material.

(b) The most desirable welding current for i^u-in. diameter bare rod is quite evi-

dently greater than 100 amp. A current of 125 amp. gave good results with the nickel-

manganese rod and ISO amp. with the copper-molybdenum-manganese rod. More defi-

nite values cannot be stated at this time. The net burning time for one electrode may

be used to determine the welding current as explained in last year's report, Proceedings,

Vol. 45, 1944, page 354.

(c) The effect of the composition of the welding rod was not clearly defined in

the field tests, although in the Toledo Terminal tests the performance of the copper-

molybdenum-manganese was somewhat superior to that of the nickel-manganese rod.

Metallurgical examination of the laboratory test specimens showed greater freedom from

cracks and better weld structure with the copper-molybdenum-manganese rod.

(d) Removal of the work-hardened surface by deep grinding before welding did

not give noticeable benefit.

(e) The results from the coated rods were indeterminate. Some tests showed good

results and others did not.

(f) Good or fair welds were obtained in the field tests in some cases without peen-

ing. The laboratory tests show definite benefits from peening in hardening the deposit

and minimizing cracks in the weld deposit.

(g) The weld applied on a flame cut surface without grinding in the Milwaukee

field test gave good performance. The laboratory study indicated that this practice was

detrimental to the metal structure. Welding on a flame cut surface without removing

the heat affected metal to a depth of ]/8 in., or more, by grinding is not recommended,

pending the development of additional data.

(h) Many of the castings in the Milwaukee field test that gave the best perform-

ance were welded at temperatures at or considerably below freezing. This indicates that

good welds can be obtained in cold weather.

Report on Assignment 8

Bolt Tension Necessary for Proper Supporting of Rail Joints

C. W. Breed (chairman, subcommittee), J. C. Aker, W. S. Boyce, M. D. Carothers,

E. D. Cowlin, H. F. Fifield. C. T. Jackson, W. H. Lowther, J. deN. Macomb,
G. M. Magee, E. E. Martin, F. H. Masters, M. K. Ruppert, G. M. Strachan.

This subject was assigned to the Track Committee in 1Q38 and extensive tests were

inaugurated on the Milwaukee, Burlington, Rio Grande, Pennsylvania, and Erie railroads

to develop data necessary for formulating conclusions. Measurements on these test in-

stallations have been made periodically and reported annually in the committee reports.
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The work has included a study of the amount and uniformity of bolt tension obtained

by hand or power wrenches, the effect of thread fit on bolt tension, loss of bolt tension

under traffic, and wear of the joint bars. Measurements of uniformity of bolt tension

have shown that the variation in torque required to turn the nut on the bolt in accord-

ance with the provisions of the current Specifications for Heat-Treated Carbon-Steel

and Alloy-Steel Track Bolts—Section 13. Threads and Thread Fit, results in an unde-

sirable non-uniformity of bolt tension being obtained. Test measurements made on track

bolts manufactured with free thread fit have shown a marked improvement in uniformity

of tension obtained. Test measurements have also shown that fewer bolts become loose

over a year's period with free turning nuts and spring washers than with nuts that con-

form with the current specification requiring a wrench turn fit, with or without spring

washers. It is recommended therefore that the Rail Committee be requested to recon-

sider this portion of the specification.

It is believed that the field tests have been carried on long enough to well establish

the following conclusions which are recommended for inclusion in the manual.

Conclusions

1. The purposes of providing tension in track bolts are:

(a) To draw the joint bars into place when they are first applied. An initial

bolt tension when bars are first applied of from 20,000 to 30,000 lb. per bolt is

of value in overcoming the roughness of the fishing surfaces, thereby providing

a proper seating of the bars.

(b) To hold the joint bars in place throughout actual service conditions and

to produce an integral action of the two bars of a joint in resisting bending in the

vertical or horizontal planes. A minimum bolt tension of 10,000 lb. per bolt for

the long-toe joint bar, or 5,000 lb. per bolt for the short-toe joint bar is sufficient

to accomplish these purposes.

(c) To provide sufficient reserve tension to carry over the period between

tightenings. This requires that the applied tension shall be high enough to with-

stand the loss in bolt tension under traffic for the period between tightenings and

still be sufficient at the end of the period to insure proper action of the joint bars.

Bolt tension loss is relatively rapid immediately following the application of joint

bars until the mill scale has disappeared from the fishing surfaces, and averages

from 5,000 to 10,000 lb. per bolt the first month. After the second month, the rate

of bolt tension loss averages from 500 to 1,000 lb. per bolt per month. Loss of

tension is not uniform at each joint and some bolts may lose twice the above

amounts; others lose scarcely any. Bolt tension loss is principally due to a decrease

in distance between the two bars of a joint as a result of fishing surface wear.

This decrease varies from joint to joint and averages approximately 0.015 in. per

year. Traffic density has little effect on this decrease except that on very heavy

traffic density lines the decrease at the mid-length of the bars may average 0.025

to 0.030 in. per year. The use of spring washers will help to maintain bolt tension

as this inward movement of the joint bars occurs.

(d) To provide necessary joint bar support without unduly restricting slip-

page of the rail ends with temperature change. The slippage resistance of a rail

end within its joint bars is affected by the amount of bolt tension. Thus in gen-

eral, high bolt tension produces high joint bar restraint.
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2. The following practices are recommended to accomplish these purposes:

(a) The applied bolt tension should be within a range of 20,000 to 30,000 lb.

per bolt for the initial tightening and within a range of 15,000 to 25,000 lb. for

subsequent tightenings.

(b) Track bolts should be retightened as required, preferably from one to

three months after the joint bars are applied, and at intervals of one year there-

after. More frequent tightening is unnecessary and therefore uneconomical. Less

frequent tightening requires too high an applied bolt tension to carry over the

longer period.

(c) Corrosion resistant lubricant should be applied to bolt threads prior to

the application of the nuts. This will reduce the variation in thread friction and

promote the uniformity of tension obtained.

Report on Assignment 10

Recommendations on Number and Placing of Anti-Creepers

for Various Conditions

E. E. Martin (chairman, subcommittee), L. L. Adams, J. C. Aker, W. G. Arn, A. L.

Bartlett, T. H. Beebe, F. J. Bishop, M. D. Carothers, L. W. Deslauriers, H. F. Fifield,

R. A. Gravelle, C. E. R. Haight, A. B. Hilhnan, C. T. Jackson, G. M. Magee,

J. S. McBride, J. B. Myers, C. J. Rist, L. H. Roden, M. K. Ruppert, R. E. Sampson,
G. L. Sitton, R. R. Smith, M. J. Zeeman.

This report is offered as information with recommendation that the subject be

continued.

The first report presented by this subcommittee appears in the Proceedings, Vol. 45,

1944, pages 373-376, giving an analysis of replies received from 28 railroads governing

general and experimental practices of rail anchoring and the testing of various methods

of anchoring to be conducted by the committee.

During 1943 rail anchors were applied in test on the Chicago, Milwaukee, St. Paul

& Pacific Railroad and the Illinois Central System.

On the Milwaukee, two separate tests are now in service, one in the westward

track of the double-track main line near Mauston, Wis., laid with new 131-lb. RE rail,

the other on the single-track main line near Burlington, Wis., laid with new 112-lb. RE
rail. Both tests are in gravel ballast territory.

On the Illinois Central, one test is in service on the northward track of the three-

track main line near Kankakee, 111., laid with new 112-lb. RE rail in rock ballast.

E^ch of the three tests originally comprised nine different one-mile methods of

anchoring. In all of the test installations the "Improved Fair" rail anchor having a

T-shaped cross section was used. All field and office work in connection with the tests

is being conducted by the Engineering Division research staff, assisted by the engi-

neering staff of the respective railways. In each of the three tests initial measurements

were made after the anchors were applied and track work completed. Subsequent

measurements were repeated in 1944 and information made available as to rail creepage,

joint gap openings, and tie movements.

Exhibit 1, which follows, is the first progress report on the Milwaukee test in the

westward track near Mauston, Wis. Fig. 1 illustrates the arrangement of rail anchors

originally applied in each test section of track.

I



570 Track

DOUBLE TRACK
39-0' RAIL — 24' JOINTS

WEST BOUND
TRAFFIC

TEST "A"

MP 203 TO MP204
TEST'E"

MP207 TO MP208
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. Traffic Westbound

TEST E-2
rvl.P207T0IVI P208

TEST G-2
IVI.P209 TOfVIP2IO

TEST F-2
l\/!.P 208 TO I^.P 209

I

Fig. 1-A.—Rearrangement of Rail Anchors, C.M.St.P. & P. La Crosse Div. on
Miles 208 to 210, November 1944.

Fig. 9. The results are based on a relatively short length of service and no conclusive

information is available at this period of the test.

Exhibit 3 is the first progress report on the Milwaukee test near Burlington, Wis.

The arrangement of anchorage is shown in Fig. 13. Tie movement and skewing are quite

high in some of the test methods and information of interest in this connection has

developed in this single-line test during a nine months' service period.

As a result of this tie condition it was necessary to discontinue test A which has

been changed to conform to the method of anchorage used in test F. Readjustments of

anchors in a portion of test C has been necessary to resist westward movement of traffic

throughout the entire test mile.

In this test, methods F and E show the most satisfactory service performance with

respect to rail creepage and tie movement.

It is hoped that the continuation of these tests will develop conclusive informatiaii

with respect to the subject assigned to this committee.

Exhibit 1

Report on Rail Anchorage Tests on Chicago, Milwaukee, St. Paul

& Pacific Railroad near Mauston, Wis.

This installation was placed on the westbound track of the double-track main line

of the C.M.St.P. & P.R.R. between M.P. 203 and M.P. 212 near Mauston, Wis., in

1943, the work being completed in September. The rail is 131-lb. RE, newly laid. Four-

hole toeless joint bars, heat-treated bolts without spring washers and double-shoulder

tie plates were used. Twenty-four ties were used to the rail length and the tie condition

was good. Two rail spikes and two hold-down cut spikes per plate were used. The track

was in very good condition, having just been ballasted, surfaced and dressed; with the

ties carefully spaced. The ballast was gravel containing a large proportion of sand. This

k
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track carries 8 passenger trains and approximately 5 freiglit trains daily; the maximum
speeds are 90 m.p.h. for passenger trains and 60 m.p.h. for freight trains.

The installation included nine one-mile tangent test stretches except for one light

curve, each with a different method of anchorage. The various methods of anchorage

used are shown in Fig. 1. Initial test measurements were made in September 1943. Stakes

were set in the ballast on each side of the track at each % mile over the entire nine

miles of test track. Nails were driven in the top of the two stakes at each reference

location. A, string line was then stretched between the nails and a punch mark was made
in the outer face of the ball of each rail directly above the string line. This provided a

reference for determining at later periods the extent of the longitudinal movement of

the rail (rail creepage). In addition, the joint gaps were measured at each rail joint in

the entire nine miles of test track.

In June 1944, after approximately nine months of service, the test measurements

were repeated. In addition to measurements to determine the rail creepage and joint

gap openings, measurements were made to show the movement of anchored ties through-

out the middle half mile of each test mile, as will be explained later.

Discussion of Test Results

Rail Creepage

In Fig. 2, the rail creepage is shown for the north and south rails separately at each

;^-mile reference location over the entire test track. It will be noted that the rail creep-

age for Sections H and I showed the least amount and most uniformly distributed rail

creepage of any of the nine sections. Sections A, B and C show considerably more

movement than H and I; Sections E, F and G show an even greater amount of move-

ment, and the rail creepage was so great at Section D at the time of the original meas-

urements that it was decided to discontinue this test, and D was replaced with Mil-

waukee standard anchorage on October 6, 1943. The track profile is shown in Fig. 2

immediately below the rail creepage diagram. The profile on the test track was undu-

lating, consisting of level track and short grades, and there does not seem to be any

very definite relation between the amount of rail creepage and the gradient.

Joint Gaps

In order to show what effect, if any, the various methods of rail anchorage had

upon uniformity of joint gap, the test measurements made in September 1943, and June

1944, were grouped as shown in Figs. 3 and 4, respectively. For each test mile the

number of joint gaps is expressed as the percentage coming within a range of zero to

0.04 in., 0.05 to 0.09 in., etc. The most desirable condition would, of course, be to have

all of the joint gaps within a very narrow range. Actually, this condition is not obtained

in track. A study of Fig. 3 and Fig. 4 does not indicate that any of the methods of

anchorage used shows an exceptionally good performance in this respect. Even for the

joint gap measurements taken with the rail at fairly high temperature, only about SO

percent of the joints were closed and a small percentage of the joints had openings of

as much as 0.25 in.

Another study of joint gap openings was made by averaging the joint gaps for

each successive A mile of track. The results are shown in Fig. 5 for the north and

south rail separately. Of most interest in this figure is the fact that, while the joint

gaps vary appreciably in width at different locations along the track, there is a definite

trend toward a similarity in the average size of the gaps in the two rails at any one

location. The reason for this is not understood, but this fact is quite definitely estab-

lished by the measurements.
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Tie Movement

Measurements were made of the tie spacing, corresponding edge to edge of ties, at

the outside end of the tie plate between anchored ties and the next adjoining tie on each

of the test sections, as shown in Figs. 6, 7 and 8. The method of tie numbering is shown

in Fig. 8, and numbered ties are shown in Fig. 1 corresponding to the numbers used in

these Figs. 6, 7 and 8. In Figs. 6 to 8, inclusive, the average tie spacing shown represents

all of the panels of track within the center V^ mile of each test section; that is, between

the /4 and ^-mile reference stakes. Each reading shown is the average of about 68

readings; thus the variation in tie spacing that normally occurs in the surfacing of the

track and in the tie width is compensated for, and the figures shown give reasonably

accurate data on the amount of movement of the anchored ties that has occurred since

the anchors were applied. These data for the various test sections give a very good

picture of the effect of anchorage on tie movement. For example, in test section A,

Fig. 6, it will be observed that the anchored end of the anchored ties is being moved

with the rail, resulting in an objectionable skewing of these ties. The same tendency is

evident in test section B but to an even greater extent which is attributed to the lesser

number of anchored ties. In test section C, Fig. 7, the same tendency is evident but

the amount of skewing is less which is attributed to the larger number of anchored ties.

In test section E the tie skewing is quite objectionable particularly on the north rail.

In test section F it is quite evident that the anchored ties have been moved consider-

ably in the direction of traffic, but they have not been skewed; in test section G, Fig. 8,

it is evident that the anchored ties have been moved considerably in the direction of

traffic and the back-up anchors as a result have moved away from contact with their

respective ties; in test Sections H and I the anchored ties show some movement in the

direction of traffic but not an excessive amount. The movement has been enough, how-

ever, to take the back-up anchors away from contact with their respective ties in test

section I.

Conclusions

The anchorage afforded by method D in these tests was entirely inadequate. The

anchorage afforded from methods E, F and G is shown by the test measurements to be

inferior to the other methods tested, and the tests were discontinued on these three sec-

tions in November 1944, and the rail anchors were rearranged as shown in Fig. 1-A. It

would seem desirable to continue the tests on Sections A, B, C, H and I for a further

period of time, although methods H and I are considered to show a better performance

than methods A, B and C at the present time.

Exhibit 2

Rail Anchorage Test on Illinois Central Railroad near

Kankakee, 111.

This installation is on the northbound or No. 3 main track of the Illinois Central

three-track main line between Kankakee and Manteno, 111. This track carries a mod-

erately heavy traffic density consisting of two passenger trains and approximately 16

freight trains daily. The maximum speeds for passenger trains are 75 m.p.h. for Diesels,

70 m.p.h. for steam locomotives and for freight trains, 50 m.p.h. The track was relaid

with new 112-lb. RE rail with four-hole short toe type joint bars and 1-in. diameter

heat treated bolts with spring washers. The work was completed October 22, 1943.
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TIE
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SOUTH RAIL
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Fig. 6.—Average Tie Spacing, June 1944, C.M.St.P. & P., Lyndon to Mauston, Wis.
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TEST SECT/ON I [7^^
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3

TIE NUMBERING

Fig. 8.-Average Tie Spacing, June 1944, C.M.St.P. & P., Lyndon to Mauston, Wis.
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The track was resurfaced out of face and additional crushed rock ballast added as re-

quired, this work being completed December 4, 1943. Twenty-four ties per rail length

and double-shoulder tie plates were used with two rail spikes and two hold-down cut

spikes in each tie plate. The rail anchors for the test were applied in connection with

the rail laying and surfacing. Nine test sections each one mile in length were included,

having eight different methods of anchorage, as shown in Fig. 9. The nine-mile test

track was all tangent except for one light curve. The method of anchorage on Sections

H and I is the same, Section I being on cinder ballast and largely within the yard limits

of Kankakee. Immediately after the rail laying was completed and before the surfacing

was started, reference stakes were set to determine the amount of rail creepage. These

stakes were set in the same manner as described for the Mauston and Burlington

installations; that is, at each end and each % mile of each test section.

In May 1944, joint gap measurements were made at each joint on the entire test

track and the amount of rail movement was measured at each reference location. Rail

creepage measurements were repeated October 18, 1944.

Discussion of Test Results

Rail Creepage

The amount of rail creepage that occurred in the period from October 1943, to

October 1944, is shown in Fig. 9. The track profile gradients are shown as plus or minus

from south to north in the direction of traffic. It will be noted that Sections B, C and D
show the largest amount of rail movement; Sections F, G, H, I and B are somewhat

favored with respect to grades since these sections are on ascending grades with relation

to the direction of traffic. The creepage of both rails is generally in the direction of

traffic (northward) although in Section G the movement was almost entirely against

the traffic.

In Fig. 10 the rail creepage that had occurred between May 23, 1944, and October

18, 1944, is shown. The creepage in this latter period is generally moderate in amount

and there appears to be no significant differences between the various test sections.

Joint Gaps

The uniformity of joint gap opening is shown in Fig. 11 for the joint gap measure-

ments made in May 1944. The rail temperature was moderately warm and a large per-

centage of the gaps were closed. As in the other test installations, however, on each

test mile several gaps were still wide open. There seemed to be no significant difference

in the amount of uniformity in the different test miles.

In Fig. 12 the joint gaps have been averaged for each I's of a mile for the east and

west rails separately. In this installation as in the other two, in general, the average

joint gap for the two rails shows a tendency to correspond over the test track.

Tie Movement

The tie movement for those methods of anchorage where the anchors are placed on

one end of the tie only, has produced skewing of the ties as illustrated in the report of

the Mauston test. Tests B and C in particular, at locations where the rail creepage was

maximum, have produced a considerable amount of tie skewing.

Conclusions

Based upon the test measurements to date, anchorage methods B and C have shown

the least satisfactory performance. However, a longer service period is desirable before

definite conclusions can be formulated on this test.
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Exhibit 3

Rail Anchorage Tests on Chicago, Milwaukee, St. Paul & Pacific

Railroad near Burlington, Wis.

This installation is on the single track main line of the C.M.St.P. & P.R.R. between

Milwaukee, Wis. and Kansas City, Mo. (See Fig. 17). This track carries two passenger

trains and approximately three freight trains each way daily. The maximum speeds for

passenger trains is 75 m.p.h. and for freight trains SO m.p.h. New 112-lb. RE rail with

four-hole short toe type joint bars and 1-in. diameter heat treated bolts without spring

washers was laid new in October 1943 and the track was reballasted and resurfaced with

gravel ballast, this work being completed in the early part of November 1943. Twenty-

four ties per rail length and double-shoulder tie plates were used with two rail spikes

and two hold-down cut spikes in each tie plate.

The rail anchors for the test were applied in connection with this work; nine

different test sections were included, each one mile in length as shown in Fig. 13 and

each with a different method of anchorage. The test section was all tangent track.

Initial test measurements were made in November 1943 immediately after the

installation was completed. Reference stakes were set at each end and each ^-mile for

each test section, in the same manner as for the Mauston test, to determine the amount

of rail creepage. Joint gap readings were taken at each joint over the entire nine miles

of track and measurements were also taken from which the movement and skewing of

representative ties can be determined.

In August 1944, the measurements were repeated and in November, the rail creepage

was again measured and the badly skewed ties on each test mile were counted.

Discussion of Test Results

Rail Creepage

The amount of rail movement found in the August 1944 and November 1944 meas-

urements is shown in Fig. 13, the north and south rail being shown separately. The

grade line is also shown and it will be noted that the grades are somewhat undulating,

but predominantly descending toward the west. Generally, the rail creepage is westward,

but at some locations the north rail has moved eastward. The amount of creepage is

more on Sections A, B, C, and D than on the remaining sections, and Sections E, F,

and I show the least amount.

Joint Gaps

The measurements made in November 1943, at fairly low temperatures (Fig. 14),

and those made in August 1944 (Fig. 15), show uniformity in joint gap openings.

The joint gap measurements made with rail temperatures about 30 to 40 deg.

showed the openings were fairly uniformly distributed from no opening to full opening.

Test F, Fig. 14, showed a somewhat more desirable distribution of gap opening than the

other tests. A few joints had gaps of almost 0.50 in. indicating that the bolts were bent

(the clearance between the relative diameter of bolt and drilling permits a maximum
gap of only 0.38 in.)

.

The August 1944 measurements with the rail at moderately high temperature show

that about three-fourths of the joints were closed, the remainder being open various

amounts. A few joints on each test mile were open the full amount permitted by the

clearance between the diameter of the bolts and the drilling. There was no significant

difference in the uniformity between the various test miles.
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Fig. 17.—C.M.St.P. & P., Kansasville to Burlington, Wis., November 1944.

Upper View—General view of main track.

Center View—Test "C", Mile 20, showing skewed ties.

Lower View—Test "H", Mile 25, showing ties A and B bunched.

k
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In Fig. 16 the joint gaps have been averaged for each one-tenth mile for the north

and south rails separately. As in the Mauston tests, the average joint gaps for the north

and south rails generally correspond, although in some of the test miles there are con-

siderable differences. Just what signifiance this may have is not understood at this time.

Tie Movement

Those methods of anchorage where the anchors were placed against one end of the

tie only have skewed the ties in proportion to the amount of rail creepage as illustrated

in the discussion of the Mauston tests. However, in this test on single track line another

type of tie skewing was encountered. An occasional tie, not necessarily an anchored

tie, would be badly skewed or moved in the ballast, sometimes until it contacted an

adjacent tie. This is illustrated in the accompanying photograph (Fig. 17) taken on

test H. It is believed this is the result of rail movement in both directions under trains,

the rail being gripped by an occasional tie plate to resist movement in one direction

and not in the other, thus setting up a "ratchet" action which progressively moves one

or both ends of the tie. If this is the cause of this tie movement, the number of skewed

ties affords an indication of the amount of rail movement back and forth.

This type of tie movement was so pronounced on this test installation that the

number of badly skewed or moved ties were counted on each test mile and are shown

in the following tabulation.

Test Number of Test Number of

Section
_

Skewed Ties Section Skewed Ties

A 128 F 10

B 45 G 61

C 70 H 38

D 14 I 25

E 13

Conclusions

The amount of anchorage provided in method A with six anchors per rail length

placed in the "end-of-rail" method was not sufficient. The number of skewed and

moved ties was quite high. This method is being discontinued and replaced with

method F.

In method C, six of the anchors over part of the mile were placed to resist move-

ment eastward and two, westward. This is opposite from the arrangement of the anchors

shown in Fig. 13. The rail movement on the south rail has been westward and the

anchors placed to resist eastward movement have moved a considerable distance from

the ties (See Fig. 17), so they are no longer effective. The anchors are being changed

as required so six will resist movement westward and two eastward throughout the

entire mile.

Based upon the amount of rail creepage and number of skewed or moved ties,

methods A, B, C, and H have given the least satisfactory performance to date and

methods F and E the most satisfactory.



Track 593

Report on Assignment 12

Stresses in Tie Plates

A. E. Perlman (chairman, subcommittee), E. W. Backes, C. W. Breed, B. F. Handloser,

J. deN. Macomb, G. M. Magee, E. E. Martin, J. S. McBride, J. A. Reed,

G. L. Sitton.

Your committee submits as information the following report of progress in the pre-

paratory phase of the test program which consists of service tests of several designs of

tie plates for 112 and 131-lb. RE rail for the purpose of determining the effect of the

design of tie plates upon the stresses developed in the plates and the rail, the extent to

which the plates are bent under traffic, and the rate of mechanical wear of the tie plates

into treated hardwood and softwood ties.

Test on Illinois Central System

In October 1944, the Illinois Central System installed the test plates for 112-lb. RE
rail in their southbound main line on the district between Dyersburg and Memphis,

Tenn., where the traffic density on that track is approximately 25,000,000 gross tons per

annum. Seven designs of tie plates were applied to new 7 in. by 9 in. by 8 ft. 6 in. ties

in the 4-deg. curve south of Curve, Tenn., Mile L-333, and in the tangent track at

Henning, Tenn., Miles L-344 and 345. Each design of plate was applied to a panel

of track on both creosoted red oak and pine ties for both curve and tangent. The

112-lb. RE rail was laid new on the curve in February 1944, and on the tangent in

November 1941. Each test location consisted of 14 track panels of test tie plates. A
754-in. by 13-in. by §5-in. thick plate corresponding with AREA plan C and having a

flat rail seat was used in one series of four track panels. By milling and machining the

above 13-in. plate, 754-in. by 11-in. tie plates were obtained with thicknesses of §5 in.,

ii in. and tb in^ the ij-in. plate corresponding in general to AREA Plan No. 2. Two
other 11-in. plates with a thickness of ii in. similar to AREA Plan No. 2 were installed.

One of these was 8 in. wide and had a fiat rail seat except for a bevel on both sides and

the other was 7^ in. wide and had a ^-in. rolled crown. The sixth design of 11-in.

plate, 54 in. thick, was 8% in. wide and had a ^-in. pressed camber. All plates had

flat bottoms, double shoulders and 1:40 cant.

The initial test data to determine the tie wear and tie plate bending were taken in

the last week of October 1944, by means of gages especially designed for the purpose.

In addition, a record was taken of the gage of the test track at six locations in each

panel, using a gage designed to measure variations in track gage conveniently. For the

curve the elevation of the outer rail at the joints and centers and the middle ordinate

for each outer rail were recorded.

Test on Southern Railway System (C.N.O. & T.P. Railway)

The location selected for installation of the 131-lb. test tie plates is on Mile 326 of

the C.N.O. & T.P., 12 miles north of Chattanooga, Tenn., where the single track main

line carries about the same annual gross tonnage as the test section on the Illinois Cen-

tral System. In this installation there are eight panels of test tie plates on the 6-deg.

curve and 14 panels on the adjoining tangent to the south. The general plan for this

test is similar to that described for the 112-lb. tie plates except that no test will be

made with softwood ties on the 6-deg. curve. In addition, the north half of each test
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panel except those with the 8-in. by 12 -in. tie plates which are punched only for the

rail spikes, has two hold down cut spikes per plate to afford a comparison of tie plate

wear with and without hold down spikes. New 131 -lb. RE rail was laid through the

test sections in the second week of November 1944, and the test plates and new ties

were installed the following week. Seven designs of tie plates were installed in tangent

track, each being applied to a panel of creosoted red oak and pine ties. The majority

of the oak ties was 7 in. by 9 in. while the major portion of the pine ties was 7 in.

by 8 in. The largest tie plate used was the Pennsylvania standard 7^-in. by 1454-in.

by iJ-in. plate with tW-in. rolled crown. Three of the 14-in. tie plates were milled and

machined from the 14%-in. plate to thicknesses of fj in., % in. and ^ in. Another

14-in. plate with 7^-in. width and ^-in. thickness and a flat rail seat, per ^VREA
Plan D, was used. One pattern of 13-in. plate with tV-in. rolled crown was used. This

plate is 7^-in. wide, si-in. thick and is in accordance with AREA Plan No. 5. The

only available tie plates similar to the 12-in. emergency design (AREA Plan F) were

8 in. by 12 in. by ^ in. and had a rolled crown and three transverse ribs on the bottom.

These ribs were milled off for the two test panels on tangent track.

The first seven test panels of tie plates placed on the 6-deg. curve were the same

as used on the tangent installation. In addition, another panel of plates was inserted on

the curve, using the 8-in. by 12-in. by 54-iri- plate with the three ribs on the bottom,

to investigate the merits of the ribs for holding the gage of track. With the exception of

this panel of tie plates on the curve, all plates had flat bottoms. As in the 112-lb. tie

plate test, all plates had double shoulders and 1:40 cant. Initial measurements were taken

on these plates, the track gage, elevation and middle ordinates of the curve, the same as

was done for the Illinois Central test. However the data taken for determining the bend-

ing of the tie plates were taken prior to insertion. The work of obtaining the initial

readings was completed November 30, 1944.

Stresses in Tie Plates Measured on the Burlington Railroad

In connection with extensive tests conducted on the C.B. & Q.R.R., single track

main line near Lathrop, Mo., during the summer of 1944 as a part of the "Rail Design

Investigation" of the Rail Committee, stress measurements were made on two designs

of tie plates for 112-lb. rail on both tangent and 4-deg. curved track. The description of

the tests is given in this year's report of the Rail Committee. Measurements were ob-

tained during the passage of approximately 100 regular trains, including freight and

passenger, on tangent track and the same number on the curve.

The designs of the two types of plates used for the measurements conformed in

general to Plan 2, page 5-6 of the AREA Manual. The essential difference between the

two designs was in the rail seat, one plate having a rolled crown as shown in Fig. 1 and

the other being flat except for a bevel at both sides as shown in Fig. 2.

Measurements were made only on one plate of each design, at one location on

tangent and one location on the outer rail of a 4-deg. curve for the flat seated tie plate,

and one location on the inner rail of the same curve for the rolled crown tie plate. The

stress was measured along the bottom center line of the plate (in a direction transverse

to the length of the rail) under the two edges of the rail base, which locations were

determined to be the most significant in the laboratory tests reported last year.

Stresses measured under the cars were found to be much lower than under the

locomotives and tenders. Accordingly, the stresses measured under the locomotives and

tenders were grouped to show the percent of these stresses found to be within a range

of 5,000 lb. per sq. in. compression to 5,000 lb. per sq. in. tension; 5,000 to 15,000 lb.

per sq. in. tension, etc. Diagrams of the frequency of stress occurrence were prepared
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Committee

To the American Railway Engineering Association:

Your committee reports on the following subjects:

1. Revision of Manual.

No report.

2. (a) Further research, including details of mill practice and manufacture as

they affect rail quality and rail failures, giving special attention to trans-

verse fissure failures and other defects in the head, web and base, collabo-

rating with Rail Manufacturers' Technical Committee.

Progress report, presenting Eleventh Progress Report of the Rails Investi-

gation page 763

(b) Specifications for thermal treatment of rail, such as control cooled,

Brunorized, etc.

No report.

3. Compilation of Statistics.

(a) All rail failures, making special study of transverse fissure failures.

(b) Compilation of statistics for determining the performance of control

cooled and Brunorized rail in service with respect to rail failures, with the

view toward evaluating the higher price paid for treated than for untreated

rails.

Progress report on entire assignment, presented as information page 601

4. Cause and prevention of rail battering and methods of reconditioning rail

ends.

No report.

5. Economic value of different sizes of rail.

No report.

6. Continuous welding of rail, collaborating with Committee S—^Track.

Progress report, presented as information page 615

AREA Bulletin 451, February 194S.

S99
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7. Service tests of various types of joint bars.

Progress report, presented as information page 616

8. Investigate joint bar failures and give consideration to the revision of

design and specifications.

Progress report, presented as information page 633

9. Corrugated rail—causes and remedy. Effect upon riding qualities of tracks

and upon the costs of track and equipment maintenance.

No report.

10. Development and characteristics of fractures under engine burns in rail,

together with investigation as to the effectiveness of welding up engine

burns by oxyacetylene or electric methods.

No report.

11. Investigate causes of shelly spots and head checks in rail surfaces for the

purpose of developing measures for their prevention.

Progress report, presented as information page 643

12. Investigate recent developments affecting rail sections.

Progress report, presented as information page 659

13. Continue the study of means for conserving labor and materials, including

the adaptation of substitute non-critical materials, advising the secretary

currently of recommendations that merit emergency adoption and prompt

publication.

No report. The Committee on Rail,

W. H. Penfeeld, Chairman.

H. F, Moore

The Committee on Rail announces with regret the

retirement of Professor H. F. Moore from active direc-

tion of the Joint Investigation of Fissures in Railroad

Rails on September 1, 1944, coincident with his retire-

ment as research professor of engineering materials.

University of Illinois. This investigation was initiated on

January 1, 1931, by the Committee on Rail, represent-

ing the American Railway Association (now the AAR)
and the Technical Committee on Rails of the American

Iron and Steel Institute for the express purpose of

determining the cause of transverse fissures and means

of preventing their occurrence. Professor Moore was

asked to take charge of this important work because of

his broad experience and outstanding accomplishments

in the fatigue of metals.

His pre-eminence in his chosen field and the resourcefulness, enthusiasm, imagination

and leadership which he applied in this investigation exerted a profound influence on the

successful outcome of the work. He enjoys the esteem and confidence of all who were

associated with him in this undertaking.
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Report on Assignment 3

Rail Failure Statistics

W. C. Barnes (chairman, subcommittee), W. H. Penfield, C. B. Bronson.

These statistics are presented this year in a radically new form as announced at the

last annual meeting, special emphasis being given to control cooled rail which is now

predominantly purchased and only such data are presented on rail in track made by all

processes as will provide a continuing record of the condition of track and afford the

necessary data for comparison.

Original data covering both control cooled, Brunorized and "other" process rails are

now obtained from the roads' reports on form 402 -C which enables comparisons to be

made on a per mile-year basis. All roads report on failures in rails made by all processes

with the exception of the Chicago, Burlington & Quincy, Missouri Pacific, Delaware,

Lackawanna & Western and Canadian National, which roads report failures in control

cooled and Brunorized rails only.

Table 1 lists the transverse fissured rails reported as occurring each year from 1934-

1943, inclusive, in rails of all ages made by all processes, segregated as to roads. The

underlying data were obtained from form 402-E, whereas in next year's report this record

will be continued on reports received on letter-form 402 -L which was adopted at the

1944 convention too late for use this year.

The reported fissure failures in 1943 appear as 7,795 service and 36,071 detected

failures or a total of 43,866, which is an average of 120 per day. Of these, 99 per day

were detected and it is apparent that the heavy detection of fissures must be credited

in preventing the service fissure failures from being excessively high. Even so, the 1943

record of service fissure failures is the highest so far recorded. Fig. 1 shows in plotted

form the data from Table 1.

Table 2 lists the tons and track miles of each year's rolUngs, 1933-1942, inclusive,

of rail made by all processes as reported by all roads. The average weight of the rail

covered by this report that was rolled in 1942 was 118.4 lb. per yd.

Table 3 shows the service and detected failures of all types accumulated in the roll-

ings of 1933-1942 which have seen ten to one year's service. Rails made by all processes,

at all mills and reported by all roads in the track miles given in Table 2 are included.

In former reports the corresponding data were confined to rails having seen five years'

service but it appears from this table that that period of observation was insufficiently

long because of the more rapid increase in failures which occurs after five years' service.

Fig. 2 is a continuation of the chart previously presented showing the failures of

various rollings accumulated in five years' service. The data for the 1938 rollings were

obtained from Table 3. These average failure rates in rail made by all processes are

now being largely restricted by the low failure rates of the control cooled rails which

predominate in recent rollings, as will be brought out in more detail in the presentation

of the control cooled data. In future reports the ten-year performance of the rollings

from 1933 on can also be shown on Fig. 2. Fig. 3 is a chart showing the rapid increase

in use of control cooled rail.

Table 4 shows the track miles of control cooled and Brunorized contract rail for

the rolhngs of 1933-1942, inclusive, segregated as to mills and roads and also the failures

which occurred in the control cooled rails during the year 1943, segregated as to roads.

The total track miles of Brunorized rails as of December 31, 1942 appear as 612 and
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that of OH control cooled rail 28,176. The total number of failures reported as occurring

in 1943 in the 28,176 miles of OH control cooled rail was 2147. Table 4 also shows sepa-

rately a total of 304 failures which occurred in 1943 in 279 track miles of IM control

cooled rail.

Table 5 presents separately the accumulated failures in OH control cooled rail and

in IM control cooled rail, from the date rolled to December 31, 1943, in the rollings of

1933-1942, inclusive, service and detected, and segregated as to mills and types of failure.

The report shows the failures per 100 track-mile years, all types by mills and the failures

per 100 track-mile years of each type of failure for all mills. The failure rate for each
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M)LL
Y6AR
ROLLED

COWTROL COOLED RAIL FAILURES PfR 100 TRACK MILE YEARS. ALL TYPEIS.
( IM-CC RAIL EXCLUOCD )

IS ZO 25 X)
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6
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2
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Fig. S.—Control Cooled Rail Failure Rates from Date Rolled to Dec. 31, 1943, by Mills.

(Service and Detected Failures of All Types Included)
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Report on Assignment 6

Continuous Welding of Rail

Collaborating with Committee 5-Track

I. H. Schram (chairman, subcommittee), S. E. Armstrong, W. C. Barnes, C. H. Black-

man, C. B. Bronson, C. B. Bryant, C. J. Code, J. M. Farrin, P. O. Ferris, G. W.
Harris, F. R. Layng, G. M. Magee, C. E. Morgan, L. T. Nuckols, E. E. Oviatt,

W. H. Penfield, J. C. Ryan, R. T. Scholes, R. P. Winton.

This is a progress report presented as information.

A complete summary of the installations of continuous welded rail revised to date

appears on the folded insert. An abbreviated summary appears below. Your committee

reports additional failures of continuous welded rail in eight of the installations listed

in the report published in the Proceedings, Vol. 42, 1941, pages 660-662.

Summary of Processes
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were installed in 1937 until September 1, 1944, there have been 89,000,000 gross tons of

traffic over the Santa Fe track and 120,700,000 gross tons of traffic over the Pennsylvania

track.

Joint Camber

A method used to judge the surface conditions of rail joints for the various types

of bars is the joint camber in a chord length of 34j4 in. on the running surface of the

rail. In Fig. 1 are plotted average values for 30 consecutive joints on the control cooled,

non-end-hardened north rail and also for 30 joints on the Brunorized and end-hardened

south rail for each of the 9 test stretches on the Santa Fe track for the years 1937, 1939,

1941, 1943 and 1944. In the figure two points are plotted and connected by a hne for

each type of joint on each rail giving the camber at J^ in. from the leaving rail end

and J/2 in. from the receiving rail end for a chord of 34>2 in., the left point and right

point respectively on the figure. A point above the zero line in the diagram indicates that

the rail end is higher than the rail surfaces back 17 in.; if below the zero line, the point

is lower. For the non-end-hardened north rail there has been a noticeable lowering in

the joint camber; for the past several years all the points are below the zero line. For

the north rail, the AREA 36-in. controlled bearing head and base bars of mile 101-102

and the AREA 36-in. full bearing bars of mile 102-103 show a lesser decrease in joint

camber between the 1937 and 1944 readings than for any of the other seven stretches,

all of which are equipped with various types of 24-in. bars. For the north rail of Loca-

tion N, the AREA 24-in. wedge joints of mile 98-99, quite a few of the individual joints

show a considerable batter while other joints in this mile show a small amount. There

are a number of individual joints in this mile (not included in the above average of 30

test joints) that have developed a considerable rail end batter. In this stretch, the two
middle bolts holding the wedges tend to work loose. For location S, AREA 24-in. full

bearing bars of mile 103-104, there has been a rise in joint camber and a corresponding

rise in the rail surface profile in 1944 as compared with the 1943 readings. This must be

due to tamping up this stretch of test joints. On the end-hardened south rail, the de-

crease in joint camber on all 9 stretches has been small, probably due to the small

amount of rail end batter. In fact, on some stretches the 1944 readings are slightly higher

in value than the original 1937 readings which doubtless means that the rail surface

back 17 in. from the rail end has worn more than the combined wear, batter, flow and

droop at % in. from the rail end.

Fig. 2 gives corresponding average values for 30 joints on each rail of each of the

12 stretches on the Pennsylvania. For the non-end-hardened control cooled north rail

the nine locations still in service when the 1944 measurements were made show consid-

erable variation in amounts of camber over the seven-year period. However, for each

location the average camber at y^ in. from the receiving rail end is from 0.020 to 0.025

in. below the companion camber at the leaving rail end. For the field end-hardened

south rail only small changes have occurred in the seven-year period for the nine loca-

tions still in service.

Rail Surface Profiles

Rail surface profiles were taken on the running surface of the rail between points

20 in. back from each rail end. The reference points of the instrument are located on
the base of the rail so head surface wear is included in the measurement and any
changes occurring on the running surface of the rail can be determined. The changes

in the values at the points back 20 in. from the rail ends may be considered a fair indi-
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cation of the rail head wear between periods of measurements. Readings are taken by a

dial gage on the bar at 22 intervals along the rail surface. The profile gives information

on the change in the rail surface due to wear, flow, batter, camber of joint bar and the

bending or droop of the joint for successive years. In Figs. 3 and 4 are plotted average

values of elevation of rail surface profile measurements made in 1938, 1941, 1942, 1943

and 1944. The 1938 readings have been used as a base because the present type of in-

strument was not developed in 1937 when the test stretches were installed.

In Fig. 3 are plotted the average rail surface profiles for IS joints on each rail for

each of the test sections on the Santa Fe. Considering the difference in rail height at

points back 20 in. from the rail ends, the average rail head wear for the six-year period

between August 1938 and August 1944 amounts to 0.028 in. between the two sets of

readings. The outstanding feature of these average profiles for the south end-hardened

rail is that for each of the nine test sections, the profiles for 1938 and 1944 are reason-

ably parallel throughout their 40-in. length. This means that rail head wear is the only

major element that has so far affected these profiles except for the slight batter at the

rail end. On the north non-end-hardened rail, the batter at the middle few inches is

quite marked for all stretches and it is apparently causing a varying amount of droop

Location M
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to develop on most of the seven stretches equipped with the 24-in. bars. For the north
rail, the two locations Q and R equipped with 36-in. bars have 1944 profiles that show
little or no droop and only a moderate amount of batter. A frequent reversal of traffic

in train operation over this track has doubtless minimized batter differences at the two
rail ends of a joint and this probably accounts for the somewhat different profile and
camber at the two rail ends of a joint reported for the Santa Fe and the Pennsylvania.

The average rail surface profiles for IS joints on each rail for each of the test

stretches on the Pennsylvania are shown in Fig. 4. For the nine stretches still in service,

the average rail head wear for the six-year period at a point 20 in. back from the rail

ends average 0.034 in. between the two sets of readings for September 1938 to Septem-
ber 1944. For the nine remaining stretches on the south end-hardened rail, the average
profiles for 1938 and 1944 are reasonably parallel throughout their 40-in. length except
that the 1944 profile on the receiving rail is from 0.01 to 0.02 in. lower than the profile

on the leaving rail. On the north non-end-hardened rail, few if any of the 1944 rail

surface profiles can be considered parallel to their companion 1938 profiles, especially

on the receiving rail. A considerable batter on the north rail has developed, usually

accompanied by a lowering of the joints in addition to that part due to rail wear and
rail batter. This rail end droop is much more noticeable on the receiving rail. The rail

surface profiles at the rail joints of the field end-hardened south rail show a far better

Location A
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End- hardened Sduth Roil

Distance from Roil End in Inches
20 12 a 4 0_ 4 8 12

Unhardened North Roil

Distance from Rail End in Inches
12 8 4 4 8 12 20

Leaving Receiving Leaving Receiving

Fig. 3.—Rail Surface Profile for 1938, 1941, 1942, 1943 and 1944-

A.T. & S.F. Ry. Average for 30 Joints on Each Stretch.

rail surface condition, including much less rail end batter and joint droop, than at the

joints of the north non-end-hardened rail over the seven-year period that the test rail

and joints have been in track.

In July 1944 the Brinell hardness was measured at three pairs of rail ends at the

middle of the rail head back Yz in. from the leaving and receiving Brunorized and end-

hardened south rails of the Santa Fe test track. The Brinell hardness ranged from 351

to 380 and averaged 361. Similar measurements were also made at three pairs of rail

I
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End- hardened South Rail Unhardened North Roil
Distance from Rail End in Inches Distance from Roil End In Inches

20 12 8 4 4 8 12 20 20 12 8 4 4 8 12 20
1

1

Leaving Receivmg Leaving Receiving

Fig. 4.—Rail Surface Profile for 1938, 1941, 1942, 1943 and 1944-

Pennsylvania R.R. Average for 30 Joints on Each Stretch.
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Table 1.

—

^Average Change in Out to Out Measurements on Joint Bars from 1937
TO 1944 IN Each Test Stretch on the Santa Fe

Values are the combined movements of the two bars. Negative sign means movement
towards rail. Each value is the average for 30 joints on each rail. Values are in inches.

Location and Type of
Bar
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Out to Out Measurements

The out to out measurement is the distance between a point on the flange of the

outer bar of a rail joint and a corresponding point on the inner bar. Measurements are

taken on both the top and bottom flanges of the bars near each end and at the mid-
length. The main purposes of these measurements are to show the amount and rate of

"pull in" of the bars, whether the inward movement is greater at the midlength than

.200

.100

S..200

.100

.200

.100

6 .200

.100

.200

.100

Fig. S.—Average Annual Change in Out to Out Distances of Joint
Bars for 60 Joints in Each Test Stretch on A.T. & S.F. Ry. End-
Hardened South Rail, Unhardened North Rail.
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at the ends of the bars, and whether any cocking has taken place during a given period.

The changes in the out to out measurements between 1937 and 1944 are given for the

Santa Fe in Table 1. To show the progressive yearly average change or decrease in out

to out distances at the midlength of the joint bars, Fig. S is presented for the 9 locations

on the Santa Fe.

From Table 1 it is seen that the total average inward movement at the tops of bars

for the seven locations of head contact bars over the seven-year period ranges from 0.07

to 0.22 in. and at the bottoms of the same bars ranges from 0.04 to 0.17 in. For the two

locations with head free bars, the inward movement at the tops ranges from 0.02 to 0.08

in. while the values for the bottom of these same bars range from 0.07 to 0.21 in.

In Fig. 5 the heavy lines represent the average "pull in" of the top midlength of

30 joints for each rail at each of the Santa Fe test locations; the light lines represent

corresponding values at the bottom midlength of the same bars. The values for the joints

on the north and south rails are plotted separately. The plottings show that for each

of the locations the yearly rate of change in "pull in" is still moderately uniform. For

the head contact bars the average yearly "pull in" at the top midlength of bars ranges

from 0.01 S to 0.03 in. for the several locations, with a noticeably smaller rate for the

bottom of the bars. For the two locations with head free bars, only a small yearly

decrease is obtained at the tops of the bars, while the bottoms of the bars at location U
have a yearly rate of decrease of about 0.02 in. Probably the most significant feature of

the out to out measurements to date for the Santa Fe test locations is that the two bars

of individual rail joints have, with but few exceptions, "pulled in" an amount reason-

ably close to the average value for individual sections.

Similar out to out measurements for the Pennsylvania are shown in Table 2 and

Fig. 6. From Table 2 it is seen that for several of the locations the average total inward

movement of the tops of the bars over the seven-year period has approached or ex-

ceeded 0.20 in. which is a considerable amount as the available take up of most of the

joints is somewhat less than 0.40 in. In Fig. 6 the average "pull in" at the midlength of

bars is plotted to show the yearly rate of change. During the past two or three years

the rate of change of "pull in" is increasing at several of the locations. Values for the

north and south rails have been plotted separately. In almost all cases for the head con-

tact bars the values are considerably larger on the north non-end-hardened rails where

the rail batter is markedly greater. As would be expected, the tops of the head free bars

of locations J and K have a lesser inward movement than the bars of other locations.

However, the bottoms of these bars have an inward movement as great as for the other

type of bars.

Bolt Tension on the Santa Fe

In August 1944 the bolt tension was measured in 24 joints of each test location and

the bolts were then tightened by hand wrenching in all the joints of the test locations

on the Santa Fe. In this tightening the bolts were set to a general average tension of

about 16,000 or 17,000 lb. for each of the nine locations. The existing tension in August

1944 is given in Table 3 together with the tension as previously reset in the same joints

in September 1943 to show the loss in tension over the 11-month period. The average

values given are for the bolts in the same 24 joints in each stretch; none of these bolts

was retightened during this period. The tension set in the bolts averaged 16,500 lb.; the

existing tension on re-measurement at the end of the 11 -month period averaged 8,300 lb.

which gave an average loss in tension of 8,200 lb. There was more loss in tension for the

bolts of locations P and S than for the other locations.
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Table 2.- -AvERAGE Change in Out to Out Measurements on Joint Bars from 1937

TO 1944 IN Each Test Stretch on the Pennsylvania

Values are the combined movements of the two bars. Negative sign means movement
towards rail. Each value is the average for 30 joints on each rail. Values are in inches.

Location and Type of
Bar
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Fig. 6.—Average Annual Change in Out to Out Distances of Joint

Bars for 60 Joints in Each Test Stretch on Pennsylvania R.R. End-
Hardened South Rail, Unhardened North Rail.
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a loss in tension of 7,800 lbs. The remaining average tension at the end of the 11 -month

period was 8,700 lb. for the head free bars of locations J and K. The remaining aver-

age tension in the other seven locations ranged from 6,200 lb. to 7,400 lb.

In the middle part of Table 4, sx joints in each of the locations are reported as

being set to a tension of about 10,000 lb. at the beginning of the test period. The aver-

age remaining tension at the end of the test period ranged from 2,900 lb. to 4,900 lb. for

the individual locations.

In Fig. 8 is plotted the average tension set at the beginning and the remaining ten-

sion at the end of four test periods for the individual locations. These last four periods

of measurements extend from October 1940 to September 1944. All of the individual

locations have 20 joints set to a medium tension and six joints set to a low tension at

the beginning of each test period. Locations J and K, in addition to the above, have

six joints set to a high tension at the beginning of each test period.

Removal of Joint Bars From Locations on the Pennsylvamia

The Evertite bars were removed from location L in April 1941. The AREA 24-in.

full bearing bars of location B and the B-19 24-in. controlled bearing head and base

bars of location E were removed from track in November 1943. The location A AREA
36-in. full bearing bars of the north rail, with the exception of 30 regular test joints

on which measurements are being made, are now being removed from track.

Rating of Service Performance of the Various Types of Joint Bars

This year it is possible for the first time to make a rating of the service perform-

ance of the various types of joint bars from the test measurements. This rating is shown

in Table 5 for both test installations. Four factors are considered: Joint bar droop and

batter as taken from Figs. 1 and 2 for the unhardened rail; area of wear and batter

between the 1938 and 1944 profiles for the unhardened rail as taken from Figs. 3 and 4;

amount of the fishing surface wear of rail and joint bars reflected by the "pull in" of

the bars at midlength as taken from Figs. 5 and 6; and the relative or percentage loss

of the applied bolt tension as shown in Tables 3 and 4 and Figs. 7 and 8. The method

of rating the bars with respect to each of these individual factors was to rate the best

performance as 1, next best as 2, etc., grouping two or more types of bars in one rating

if the performance of each was judged to be substantially equal. In column 6 the rating

points for the four factors are totalled and in column 7, the various types of bars are

grouped into classifications A, B, C, D, E and F in order of their service performance,

A being the best. The importance of the four factors are weighed equally because the

first two are closely related to each other and indicate the smoothness of the running

surface over the rail joint and the last two are also closely related to each other and

indicate or are affected by the amount of joint bar and rail end fishing surface wear.

It will be noted that the three types of 24-inch bars which have been removed on

the Pennsylvania in 1941 and 1943 compared very unfavorably at the time of removal

on the basis of total rating points in column 6. The AREA 36-in. bars of location A,

now being partially removed as previously explained, have the next lowest rating, but

are judged to be in better condition now than were the bars of locations B, E. and L

when thev were removed.
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Table 5.—Rating of Service Performance of Various Types of Joint Bars as of
September 1944

—

Pennsylvania and Santa Fe

Best service performance is denoted by 1 and A

Location and Type of Bar

Pennsylvania R.R.

A. AREA 36-in.F.B
B. AREA 24-in.F.B
C. B-19 36-in.F.B
D. B-19 36-in.C.B.H.&B.
E. B-19 24-in. C.B.H.&B.
F. B-19 36-in.C.B.H
G. F-4 36-in.F.B
H. F-4 36-in. C.B.H.&B.
I. A-39 36-in.F.B. Angle
J. A-13 36-in. H.F. Angle
K. B-43 36-in. H.F
L. Evertite 24-in

Santa Fe Ry.

M. A-12 24-in. H.F. Angle
N. AREA 24-in. Wedge ._.

O. AREA 24-in. C.H.B
P. AREA 24-in. C.B.H.&B.
Q. AREA 36-in. C.B.H.&B.
R. AREA 36-in.F.B
S. AREA 24-in.F.B
T. B-34 24-in. C.B.H
U. B-35 24-in. H.F

2
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Rail head wear.—^The rail head wear at a point 20 in. from the rail end of t/he

112-lb. RE rails on the Santa Fe averages 0.028 in. for 79,000,000 gross tons of traffic.

The similar wear on the 131-lb. RE rails of the Pennsylvania averages 0.034 in. for

108,600,000 gross tons of traffic. These low rates of rail head wear mean that these rails

should not have to be removed from tangent track for many years due to rail head

wear. As would be expected, there seems to be no difference in the rate of rail wear

beyond the rail joint with the various types of bars.

Length of joint bars.—The relative service performance in both test installations

definitely indicates that a longer service life may be expected from the 36-in. length bars

than from the 24-in. bars, although this can not be relatively evaluated at this time.

Controlled bearing bars.—To date, there is no appreciable difference in the perform-

ance of the controlled bearing and full bearing bars of similar design.

Headfree bars.—The performance of the headfree bars is as good or better than that

of head contact bars of comparable section in both test installations. The rate of loss of

bolt tension is definitely less with the headfree bars.

Angle bars.—In both installations the relative performance of long-toe bars com-

pared to that of the near symmetrical types or short-toe bars is good but not considered

superior.

Section area of bars.—In the Pennsylvania installation the performance of the rela-

tively light weight section F-4 bar (locations G and H) compares quite favorably with

that of the much heavier B-19 and AREA bars.

Special types of joints.—The Evertite bars of location L were removed from the

Pennsylvania track in April 1941 because of unsatisfactory performance. The two middle

bolts of the 24-in. wedge type joints of Santa Fe location M have a tendency to come

loose before the periodic yearly bolt tightening. A large proportion of these joints are in

good condition; however, some of the individual joints of this stretch are showing a

high rate of rail batter on the unhardened rail.

Report on Assignment 8

Investigate Joint Bar Failures and Give Consideration to the

Revision of Design and Specifications

Ray McBrian (chairman, subcommittee), C. B. Bryant. J. B. Akers, C. B. Bronson,

W. C. Barnes, H. A. Cassil, C. M. Chumlev, C. J. Code, P. O. Ferris, F. W. Gardiner,

F. S. Hewes. G. M. Magee, R. W. Marve, E. E. Mayo, C. E. Morgan, R. E. Patter-

son, W. H. Pcnfield, B. H. Prater, J. C. Ryan, R. T. Scholes, J. G. Wishart.

The previous reports on this assignment include information obtained by question-

naire relative to the number of joint bar failures, data on fatigue tests from bar material,

reports on photoelastic studies of bar models, observational measurements of bars in

track with common and special chemistry and with common and special heat treatment,

fatigue tests of fully assembled rail joints conducted at the Colorado Fuel and Iron

Company and rolling-load tests of fully assembled rail joints conducted at the University

of Illinois.

No measurements were made in 1944 of the bars in track on the Chicago, Bur-

lington & Quincy Railroad made with common and special chemistry and with common

and special heat treatment. These measurements will be made again in 1945. No further
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tests of fully assembled joints were made at the Colorado Fuel and Iron Company

in 1944.

A progress report of the rolling-load tests of joint bars being conducted at the Uni-

versity of Illinois under the direction of Professor N. J. Alleman is submitted as infor-

mation (Appendix 8-a)

.

Appendix 8-a

Third Progress Report of the Rolling-Load Tests of Joint Bars

By N. J. Alleman

Special Research Associate Professor of Engineering Materials,
University of Illinois

Introduction and Acknowledgment

Rolling-load tests on joint bars are being conducted in the Talbot Materials Testing

Laboratory, University of Illinois, as a part of the work of the Engineering Experiment

Station in cooperation with the AREA Committee on Rail under Assignment 8, Investi-

gate joint bar failures and give consideration to the revision of design and specifications.

Ray McBrian, engineer of standards and research, Denver & Rio Grande Western Rail-

road, is chairman of the subcommittee for this assignment. This investigation is financed

by the Association of American Railroads. Acknowledgment is made of the services of

Earl Shipley, mechanician in the Talbot Laboratory.

Testing Machine, Test Specimens and Results

The testing machine for the rolling-load tests was described in the AREA Proceed-

ings, Vol. 40, 1939, page 649. The specimen used is shown in the Proceedings, Vol. 44,

1943, page 587.

The previous tests have shown that high bearing pressures caused by rough sur-

faces, poor fit, variations in bolt tension, etc., result in gouging and galling of the fishing

surfaces, thus introducing stress concentrations which result in reduced fatigue strength.

The work during the past year has consisted of additional tests to determine the effect

of hot-sawing of rail ends upon the fatigue life of rail joints and possible methods of

bar and rail end relief. Tests were also made of baj-s manufactured from a shell steel of

higher manganese content than the AREA specification chemistry.

The eleven joints listed in Table 1 have been tested since the last report was made

and Table 2 lists hardness readings on the surfaces of both bars of each joint and the

hardness at five locations on the cross section of each failed bar. The series of tests made

during the past year have been run with both AREA and B-34 joint bars in the 33-in.

stroke rolhng-load machine using prestressed 1-in. bolts and lS,000-lb. bolt tension. The

two tests made using hack-saw cut rails were included for purposes of comparison.

Hot-sawed rails tend to reduce the fatigue life of joint bars under the bending

moment indicated because of the gouging or surface deformation resulting from a reduced

fishing height at and near the rail end.

Two methods of relief were tried in an attempt to minimize this "pinching" effect;

namely, a relief on the upper bar surface at mid-length, and an increase of the bevel at

the rail end to }i in. back and % in. deep. The bar surfaces were relieved s^ in. at the

center of a length of 1>^ in. using a milling cutter. The surface was smoothed by draw

filing. Rail end relief was obtained by increasing the mill bevel of approximately ^ in.

back and % in. deep to % in. by % in. with a grinder.
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Fig. 1.—Rail Fishing Surface Profiles—Joint 53.

Table 2 gives the hardness data. Brinell hardness readings were taken on each bar

before testing on the upper and lower fishing surfaces at the quarter point. As in pre-

vious tests, variations in hardness and surface decarburization were found in the bars

tested. The surface was ground just enough to give a smooth testing surface. After each

test a j4-in. section was sawed from the broken bar and hardness readings were made
on the polished surface at five locations on the cross section.
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Fig. 2.—Rail Fishing Surface Profiles—Joint 55.

Figs. 1 and 2 show the rail fishing surface profiles for two of the joints tested. Fig. 1

shows the profiles of the rails of Joint 53, the long rail end being hot-sawed and the

short rail having the end milled. In the cantilever position the load is applied near the

end of the long rail, outside of the supports. The joint is held down by a clamp over the

head of the short rail at the support. On this joint the south bar, in contact with the

brand side of the rail, failed from gouge marks caused by the hot-sawed rail end. A
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Fig. 3.—Fatigue Fracture of South Bar—Joint 53.

fatigue crack starting at the top surface progressed down one-half of the bar height, and

a crack originating on the lower surface had spread across the lower flange. This is

shown in Fig. 3.

In Fig. 2 the profiles of the rails of Joint 55 are plotted. The south bar of this joint

failed from a crack originating on the bottom surface at the long rail end. Note that

there is evidence of "pinching" on the bar as far back as four inches from the rail ends.

With the wheel load and method of support used in these tests, the calculated

bending stress on the upper surface of the AREA bars at the gap varies over the stroke

from 19,400 lb. per sq. in. in tension to 38,800 lb. per sq. in. in compression. At mid-

length of the base of the bars the range of calculated stress is from 40,400 lb. per sq. in.

in tension to 20,200 lb. per sq. in. in compression.

Since the base of the bar is subjected to the higher tensile bending stress, base

failures would normally be expected. However, gouging of the upper bar surfaces by the

rail ends is most severe when the wheel load is being transferred from one rail to the

other at the gap. This gouging was sufficient in all tests to start top surface cracks.

The majority of service failures are from the top down. In the rolling-load tests

about SO percent of the failures are from the top surface. Thus far, the reasons for the

difference have not been fully determined; however, such factors as variations in loading

as encountered in service from that in the rolHng-load tests, corrosion factors, etc., may
be responsible for the difference.

Fig. 4 shows a photograph of the failed bars of Joint 59. On the north bar the

fatigue fracture extends down from the top surface. On the south bar fatigue cracks have

developed from both top and bottom surfaces.
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Fig. 4.—Fatigue Fractures of Both Bars—Joint 59.

Vertical Deflections of Bars Under Load

In Table 1 are given the vertical deflection values on the bars. Readings were taken

at the center of a 22-in. span. The term "gap" indicates the elastic depression of the

bar at the center with the wheel load in the gap. The term "cantilever" indicates the

elevation of the bars at mid-length with the wheel load in the cantilever position at the

end of the stroke.

Although the negative bending moment in the cantilever position is 50 percent of

the positive moment, the cantilever deflection is always less than SO percent of the gap

deflection.

Effect of Hot Sawing on Lateral Deflection of Bars

As the bolts are tightened on a joint with hack-saw cut rails, measurements on the

bar flanges indicate that the centers are pulled laterally inward as much as 0.008 in.

Depending on the bar "fit" this deflection may increase as a test progresses or may
decrease until the bar is again straight. Both bars of a joint seldom act alike.

With hot-sawed rail ends, projections or high spots along fishing surfaces as high as

0.020 in. have been measured. (See Figs. 1 and 2.) If the fishing surface immediately

above or below also shows a high spot the decrease in fishing height which tends to

pinch a bar may be as much as 0.030 in. If the rail is distorted, or "droops" near the

end as has been noted in several cases, this pinching effect is intensified.

Lateral deflection measurements on the joint bar flanges as the bolts are ^tightened

clearly show the effect of pinching, since ba^s are bowed "in"' at tbf ends as much *'

0.020 in.
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Effect of Hot Sawing on Bearing

In tests of both cold-sawed and hot-sawed rail ends, the bearing on the upper bar

surface usually covered the full width of the fishing surface; the intensity of the bearing

was high at the end of the rail, tapering off in two or three inches of length to a rela-

tively low value on a bearing area that covered only about half the width of the fishing

surface.

On the lower surfaces bearing was about 1% in. in width at the rail end tapering

back to no contact in a distance of 3 in. Toward the bar ends the bearing was light and

Umited to a few spots.

In each test with cold-sawed ends the bars were gouged on the top surface by the

rail end. Even though the bar did not break at a gouge mark a crack could be found

after the gouged metal was ground off. The rail gap setting was in all cases % in.; after

several hundred cycles the gap opened to about 0.30 in. Any further opening was very

slow. In each case there was evidence of bearing on the bolt by the side of the rail bolt

hole. No indications of cracking at the rail bolt hole were observed.

The effect of hot-sawed rail ends is to make the top surface gouge a little more

severely and to make a gouge on the originally smooth lower fishing surface.

Relative Movement of Rail Ends

On Joint 54 vertical deflection readings were taken under the individual rail ends

with the load at three different positions, namely, in the gap and one inch to either

side of the gap. After 500,000 cycles of testing the relative vertical movement between

the rail ends was not over 0.001 in.

Deflection of Rail Ends at Gap

Measurements of deflection of the rail ends at the gap as a test progresses should

give an indication of the ability of the joint to carry the moment imposed on it. Table 3

gives the average • deflection ,of ithe two rail ends of Joint 54 with the load at two

positions.

It is evident that immediately after assembly, rail-end deflection under load is a

maximum because of lack of "fit" of the bearing surfaces. The reading at 30,600 cycles

indicates that as the bars become stabilized the deflection decreases, thus indicating a

better support of the rail ends. At 100,200 cycles, when the first cracks were detected,

the deflections have again begun to increase. Perhaps the most positive indication of

the start of fatigue cracks is the increase of rail-end deflection.

Results of Bar Relief Tests

From the tests of Joints 53, 54, 55 and 56 it is apparent that no benefit is derived

from bar relief. This does not indicate that bar relief is not an improvement, but that

perhaps other variables, "pinching", variation in bar strength and decarburization have

a predominating influence upon the fatigue strength of bars. In each case the number

of cycles for failure was less than that for Joint 32 with cold-sawed rails.

From Tables 1 and 2 it may be seen that there is a consistent relationship between

the average hardness on each failed bar and the number of cycles for failure, hence the

average hardness serves to classify the joints in respect to cycles for failure.

Results of Rail End Relief Tests

The rails of Joint 57 had a mill bevel of I'e in. back and l/^ in. deep on the fishing

surfaces. For Joints 58 and 59 the mill bevel was increased to % in. back and % in.

deep. The cycles for failure were not greatly different for the three tests but in each case

the cycles were less than that for Joint 49 with cold-sawed rails,
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Table 3.

—

Deflection of Ends of Rails at Joint Gap

Average deflection of both rails

Joint 54 AREA Bars Bar Relief
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2. The net result of bolt tightening is to bend the bars, usually elastically, in a

horizontal direction. Under subsequent wheel load high localized pressure between the

projections near the rail ends and the bars causes deep transverse scratches or notches

on the bars.

3. Results to date on a group of rails from one mill do not show a great difference

in the "pinching" between the brand and heat sides.

Summary

Because of the Umited number of joints tested and variation in the number of

cycles for failure for joints with similar conditions of tests, it is not possible to formulate

definite conclusions and additional joints should be tested. Based upon the joints tested,

it is indicated that:

1. The distortion of the fishing surfaces resulting from the hot sawing of rail ends

reduces the fatigue life of the joint bars.

2. The joint bar relief provided afforded some benefit in overcoming this condition

but not to a dependable extent.

3. The rail end relief provided was not effective in overcoming this condition.

4. The hardness of the joint bars generally bears a consistent relation to the fatigue

life, the harder bars having the longer fatigue life and vice versa, within the range of

hardness encountered in the tests.

Report on Assignment 11

Investigate Causes of Shelly Spots and Head Checks in Rail

Surfaces for the Purpose of Developing
Measures for their Prevention

F. S. Hewes (chairman, subcommittee), S. E. Armstrong, W. C. Barnes, C. H. Black-
man, C. B. Bronson, C. B. Bryant, E. E. Chapman, Armstrong Chinn, C. J. Code,
P. O. Ferris, J. L. Gressitt, G. F. Hand, C. B. Harveson, Maro Johnson, B. R. Kulp,
F. R. Layng, G. M. Magee, E. E. Mayo, Ray McBrian, L. T. Nuckols, W. H. Pen-
field, B. H. Prater, J. G. Roney, R. T. Scholes, I. H. Schram, Barton Wheelwright,
Louis Yager.

This report is offered as information with the recommendation that the subject be

continued.

The report presented by this subconmiittee two years ago appears in the Proceed-

ings, Vol. 44, 1943, pages 597-610, and that of a year ago in Vol. 45, 1944, pages 446-

469. References were made therein to the division of the assignment into three groups

as follows:

Group 1. Study to be handled directly by the subcommittee:

(a) Mill chemistry record of heats exhibiting these defects.

(b) Tabulation of curvature, elevations, speeds and grades for curves showing
these defects.

(c) Effect of rail lubricators.

(d) Transposing rails.

(e) Slow cold rolling.

(f) Field tests of special rails.

(g) Experience of many roads having these defects.
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Group 2. Study to be handled by the Engineering Division research staff:

(a) Radius of gage corners of rail.

(b) Tread of wheels, radius between flange and tread of wheels.

(c) Relationship between wear of rail and wheel.

(d) Bearing pressure of wheel on rail.

(e) Cant of rail.

(f) Superelevation of rail on curves.

Group 3. Study to be handled by University of Illinois staff:

(a) Examination of service rail failures caused by these defects.

(b) Rolhng-load tests to produce these defects under laboratory conditions.

(c) Resistance of rail steel of various compositions to the development of these

defects under laboratory conditions.

(d) Resistance of different heat treatments of rails to the development of these

defects under laboratory conditions.

The above outHne of the work has been continued during 1944, but the shortage of

manpower on the railroads, in the research staff and in the university staff, has hindered

the work contemplated by the subcommittee. Funds have been provided by the AAR for

the work to be done by Groups 2 and 3 throughout 1945 and the best possible use will

be made of the available forces and materials.

As the subcommittee continues its investigation and study of this subject, it has been

unable as yet to find the solution, but progress has been made. Many field tests have

been started but have not been in service long enough to furnish conclusions. This shell-

ing is a more serious and wide spread condition than was at first realized, and while the

shelly condition may be visible in some cases, in many others, fractures of the rail may
occur before there is any evidence of shelling on the surface of the head. In addition

to a study of rail steel compositions, heat treatments, rail head contours, wheel and

rail contacts and pressures, the subcommittee may turn to a study of mill practices as

a possible cause of shelly steel, or it may finally resort to the consideration of larger

diameter wheels or lighter loads on the wheels. If the answer lies in some special com-

position of rail steel or in heat treatment, the investigation must embrace a study of

the possibility that the new chemistry or heat treatment may give rise to some other

types of defects or that they may lead to excessive difficulties or expense in production.

If the answer is found in a special rail head contour, its value for other than shelly ter-

ritory must be studied.

This assignment has not advanced far enough to warrant any definite conclusions at

this time, but the following comments are offered relative to progress made so far, in

the order of the groupings given above.

Group 1

Item (a).—A study of data submitted indicates no definite relationship between the

chemistry and shelling, except insofar as the hardness of the running surface of the rail

is affected. In his discussion under Group 3 (Appendix 11 -b, page 649), Professor R. E.

Cramer offers his observations relative to hardness and shelling.

Item (b).—A study of data submitted reveals no definite trend.

Item (c).—^The Delaware & Hudson has a test on two similar curves, one with

lubricators and the other without. This test has been in progress about three years, but

so far neither curve gives any indication of a shelly condition.
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Item (d).—Experience on the Milwaukee and the Santa Fe indicates that trans-

posing shelly high rails to the low rail, if done in time, is well worth while.

Item (e).—The Milwaukee reports that moving a good full section rail from the

low side of a curve (cold rolled) to the high side after it had been in service on the

low side for four years, did not prevent the rail from becoming shelly after two years'

service on the high side.

The Norfolk & Western in May and June 1942, relaid in four locations where severe

shelling of rail had been encountered, 131 -lb. rail that had been taken up after seven

years in a single track light-traffic line. At the end of two years' service in these new
locations, some bad shelling had developed and these slow-rolled rails have shown very

little advantage, if any, over the new high carbon companion rails.

This railroad in July 1943 relaid approximately thirty 131 -lb. RE rails rolled in

1933 which had shown unusual wearing qualities on a heavy traffic line. These were

placed on the high side of a five-degree curve in shelling territory. So far they have not

developed flaking, head checks or shelling. A check of mill chemistry indicates there is

nothing unusual about the composition of the steel.

Item (j).—This same road in May, June and July 1941, laid in ten locations where

severe shelling of rail had been encountered, four heats of special high carbon rail, with

carbon ranging from 0.84 to 0.91 percent, but otherwise conforming to usual specifica-

tions. The rail in one location was removed in 11 months and that in another in 24

months, due to a bad shelling condition and in still another in 25 months due to out of

face rail renewals. After three years' service in the remaining seven locations, it appears

that the high-carbon rail will not eliminate shelling but retards it more than ordinary

carbon rail. However, the high-carbon rail has a tendency to head check and this in turn

causes gage corner flaking or minute shelling.

Last year the N. & W. relaid in shelling territory fifteen 130-lb. PS rails that had

been removed in an out of face rail renewal in other locations and which were normal-

ized and 3^2 -in. machined from the head contour. None of the rails shows head checks

but very fine flaking has been noted and one rail contains two small shelly spots and

one medium size black spot.

This same road in the summer of 1944 installed some 3 percent chromium rail,

131-lb. RE section, in shelling territory, but no performance reports are yet available.

Group 2

Part 2 of the assignment is covered by a report prepared by G. M. Magee, research

engineer, which follows as Appendix 11 -a (page 646), but attention is directed to the

following additional remarks:

Item (a).—The Norfolk & Western in June 1942 laid 1,000 tons of 131-lb. new rail

with modified head contour at three locations where there had been considerable gage

corner shelling. The modified section has a fs-in. gage corner radius, and a 12-in. head

radius, these being connected by a 2y^-in. radius easement curve. This contrasts with

the standard dimensions of ^, 14 and 1 in. respectively. The modified section has re-

tarded sheUing better than the standard, but nothing further is available yet.

Th» same road has a test of an equal number of new 131-lb. high-carbon rails and
new 130-lb. PS r&il installed in one location in December 1942, both high and low rails,

where extensive shelling bad been experienced in the past. The PS section has a head

radius of 12-in. and a I's-in. correr radius, compared with those of the standard 131-lb.
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Fig. 1.—Pennsylvania R.R. Modified Head
Contour of 152-Lb. PS Rail.

RE given directly above, and the head is a little deeper. The specifications were the same

for both sections. Both sections have developed a slight amount of head checking and

flaking but no shelling so far. It is too early to form an accurate opinion at this time.

In summer of 1944 the Norfolk & Western installed about 1,000 tons of the modified

131-lb. RE section shown by Mr. Magee in Appendix 11 -a. No performance reports are

yet available. Samples are being furnished Prof. Cramer at the University of Illinois for

rolling-load tests.

The Pennsylvania in 1944 installed over 3,000 tons of the lS2-lb. PS section rail

with modified head contour as shown in Fig. 1, at certain locations on heavy duty lines,

in some portions of which there has been shelling. The modified section has a ^-in.

gage corner radius, and an 8-in. head radius, these being connected by a %-in. radius

easement curve. These contrast with standard dimensions of %., 24 and 1-in. respectively.

No performance reports are yet available. Samples are being furnished Professor Cramer

at the Uni'vjersity of Illinois for rolling load tests.

Item (e).—The subcommittee in February 1942 observed shelling of rails laid on

a 1:20 cant on the Norfolk & Western and on a 1:40 cant on the Chesapeake & Ohio.

The Delaware & Hudson has had a test of rail laid to both cants in service for about

three years, but shelling has not yet been observed on either.

Group 3

The third portion of the assignment is covered by a report prepared by Professor

R. E. Cramer, which follows as Appendix U-b (page 649).

Appendix 11 -a

Field Investigation by Engineering Division Research Staff

This is the third progress report on that portion of the work which has been assigned

to the Engineering Division research staff and which is being di^'ected by E. E. Cress,

assistant research engineer, under the general supervision of G. M. Magee, research engi-

neer. It includes studies of rail and wheel contours and other track conditions that

might have a bearing on the development of rail shelling.
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The report last year (Proceedings, Vol. 45, 1944, page 449) gave the results of meas-

urements made of rail and wheel contours on the Chesapeake & Ohio and the Norfolk

& Western Railways. It was pointed out that the contour of the 131-lb. RE section

relative to the average worn wheel contour, resulted in considerable flow and cold work-

ing of the metal in the top portion of the rail head in the gage corner.

The development of shelling in the gage corner of the rail is beUeved to be due or

related to internal stresses being produced under the wheel loads beyond the fatigue

strength of the steel. The wheel loading is evidently concentrated to a certain extent on

the gage corner in the present 131-lb. RE design and particularly on the outer rail of

the curves, until the rail contour becomes worn or there has been enough flow to better

fit the average worn wheel contour. Accordingly, it may be expected that some advan-

tage in preventing rail shelling may be obtained by lowering the top of rail contour

somewhat at the gage corner to correspond more nearly to the contour to which the

rail becomes worn in service.

In Fig. 1 the head contour of the present 131-lb. RE rail section is shown. For

comparison, the head contour of the modified section laid in June 1942, and previously

referred to under Group 2, Item (a), is also shown and designated N. & W. Special

1942. In this same figure and designated as "proposed section", is shown a suggested

head contour which corresponds closely to the average measured worn top of rail con-

tour for the outer rail of curves in the measurements made on the Norfolk & Western

and the Chesapeake & Ohio previously reported. Fig. 2 shows the present 131-lb. RE

^g" 13128 R E

I3l-lb /?£

U.&IA/ 5peaa/ /94B

Proposed Secf/on
in Fi^ 2

Head Radius Easemenf Corner

131- 11> RE M'Tj l'^"chord ,. _ l"r |7r

NS.W Special- t2"r. /y " ; - Sfr-

Proposed /0"r //" " ,__.//"/-_.

Fig. 1.—Comparison of Proposed Head Contour with Present Head Contour
for 131-lb. RE Rail Section.
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Fig. 2.—Proposed
Modification of

Head Contour of

131-Lb. RE Rail.

rail section modified to have the proposed top of rail contour. It is believed that this

proposed section will provide a more central loading on the rail head and avoid con-

centrated bearing pressures on the gage corner when new rail is laid in track. It was

recommended that rail be rolled to this suggested contour and laid in track for obser-

vation. In the summer of 1944, the Carnegie-Illinois Steel Corporation rolled 1,000 tons

of this rail for the Norfolk & Western, and this rail has been laid in track as an experi-

mental installation, but it has not yet been in service long enough to determine whether

the modified top contour will be helpful in preventing shelling or prolonging the service

period before shelling occurs.

Stress measurements in connection with the "Rail Design Investigation" which have

been made in the upper fillet between the rail web and the head have suggested the

possibility of high residual stresses being developed in the head by the rolling action of

wheel loads. It seemed possible that these residual stresses might bear some relation to

the development of shelling. Accordingly, arrangements were made with Professor

John T. Norton of Massachusetts Institute of Technology, who is experienced in meas-

uring residual stresses by the X-Ray diffraction method, to make an investigation of

this phase of the subject. W. P. Wiltsee, chief engineer, Norfolk & Western, has sent

Professor Norton two portions of a shelly rail removed from track, one portion con-

taining a shelled area and the other apparently being free from shelling. The results of

Professor Norton's study are not yet available.
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Appendix 11-b

Third Progress Report of the Shelly Rail Studies at the

University of Illinois

By R. E. Cramer
Special Research Associate Professor of Engineering Materials

University of Illinois

Introduction and Acknowledgment

This report is a continuation of the laboratory work reported in the two previous

years.* The work is financed by the Association of American Railroads, and is sponsored

by the AREA Committee on Rail. The writer is indebted to F. S. Hewes, chairman of

the subcommittee on shelly rail studies, and to the members of the Rail committee for

numerous suggestions and for their encouragement in the work.

Acknowledgment is made of the services of Earl Shipley, mechanician in the Talbot

Laboratory shops; John Henry and E. R. Lev, student test assistants and Russell S.

Jensen, special research associate, all of whom have helped in the laboratory work.

Study of Shelly Rails From Service

Numerous specimens of shelly rails have been sent to the laboratory for examination

during the past year by different railroad engineers. Most of these rails contained fairly

large transverse detail fractures which has been located by detector cars. Fig. 1 shows

the largest detail fracture from a shelly spot that has been sent to this laboratory. It

covers SO percent of the area of the rail head and was bright and shiny because the shell-

ing crack had not progressed to the surface of the rail and thus permitted the entrance

of air. When air enters a crack the surfaces soon become dark from oxidization. It will

be noted that this defect has progressed transversely across the rail head from a longi-

tudinal shelling crack about % in. below and parallel to the gage corner of the rail.

•Proceedings, AREA, Vol. 44, 1943, p. 601, also Reprint Series No. 2S, Eng. Expt. Sta.. Univer-
sity of Illinois, and Proceedings, AREA, Vol. 45, 1944, p. 462, also Reprint Series No. 29, Eng. Expt.
Sta., University of Illinois.

Fig. 1.—Large Detail Fracture from Shelly Spot.

Note that the fracture is bright and shiny, indicating that the shelly crack was
not open to the outside so air could oxidize the fracture.
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Fig. 2.—True Transverse Fissure with Shatter Crack Nucleus.

Note that nucleus is near center of rail head. Shatter cracks are rarely, if ever,

found closer than Yi in. to the original outside surface of the rail head.

This type of defect should not be confused with true transverse fissures, like that shown

in Fig. 2, which start from rough shatter crack nuclei which are rarely, if ever, closer

than Yz in. to the original outside surface of the rail head.

Through the interest of C. J. Code, engineer of tests, maintenance of way, Pennsyl-

vania Railroad, three heat-treated 131-lb. PS rails which had been in service since 1931

were made available for laboratory studies. These rails were from tangent track as all

similar heat-treated rails laid in curved track had been removed some years ago. They

were rolled and heat-treated by the Steelton mill in April 1931. The heat identification,

Brinell hardness and condition of the gage corner are given in the following table.

Table 1

Heat Number
Lab. Rail Rail Letter Brinell

No. and Ingot Condition of Gage Corner Number
361 87197-E-2 Contains small head checks 367
362 87196-D-3 Contains long head checks 341
363 85181-C-5 Contains light shelling resulting from head checks 345

These rails had carried over 600,000,000 gross tons of traffic in their 12 years in track.

Fig. 3 shows the gage corners of these three rails and the laboratory rail numbers cor-

respond to those in Table 1. The cracks have been opened to some extent by etching

in hot 50-percent hydrochloric acid. In comparing the condition of the gage corner of

these rails with the Brinell numbers, which were taken below the work-hardened area,

it is found that the two softer rails with hardnesses of 341 and 345 are in worse condi-

tion than the harder rail with 367 Brinell. Throughout all tests of shelly rails, it has

been generally observed that the harder rails of a group show the least damage at the

gage corner.

Laboratory Rolling-Load Tests to Produce Shelling

The rolling-load tests of rail specimens machined to one-inch wheel path as described

in the two previous reports, have been continued during the past year. Fig. 4 shows the

profiles of specimens rolled during this year and a sketch of the shape of the specimens

before the tests. The reason the specimens are machined to the one-inch wheel path is

to have a uniform width of contact between the wheel and the rail and also to insure a



Fig. 3.—Gage Corners of Three Heat-Treated Rails.

Etched in hot 50-pcrcent hydrochloric acid to open up cracks.
a. Rail 361. Small head checks.
b. Rail 362. Long head checks.
c. Rail 363. Light shelling resulting from head checks.

high enough concentration of stress so that a standard open-hearth rail will develop

shelling cracks in a reasonable number of cycles (about 500,000) with a wheel load of

50,000 lb., which is an easy working load for the rolling-load machines. It will be seen

that the tests made this year include a check on the 3 percent chromium rail; two tests

on the used 0.45 percent silicon rail with % in. machined off to remove the cold-worked

metal; a check on the mill heat-treated rail and a laboratory heat-treated intermediate

manganese rail and three tests of a British Sandberg sorbitic rail.
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The results of these tests have been included in Fig. S which shows by bar graphs

the maximum change in profile for all 29 specimens which have been tested to date with

a 1-in. wheel path. It should be noted that the 3 percent chromium rail appears to be

outstandingly good; also that some heat-treated specimens have shown very little flow.

The 0.45 percent silicon rails with % in. machined off did not show as good test results

as the same rails when rolled on the metal which had been cold-worked in track. The

Sandberg sorbitic rail was sent to G. M. Magee for these tests by W. K. Wallace, chief

engineer of the London, Midland & Scottish Railway of London. It contained only 0.56

percent carbon so the Sandberg sorbitizing treatment only developed a Brinell hardness

of 235 to 240. These tests should not be interpreted as indicating that the same treat-

ment would not develop an entirely satisfactory rail if apphed to rails of AREA com-

position.

In last year's report it was stated that a new design of rolling-load machine had

been developed to produce shelling in the laboratory on a full-section rail specimen.

This machine, shown in Fig. 6, has now been used a year and has proved to be the

most destructive rail-rolling machine in use at this laboratory. It rocks a IS-in. length

of rail held in a cradle under the car wheel from a vertical position to a position of

1 to 5 cant and back to vertical again every 180 strokes of the machine. This means

that the area of contact between the rail and wheel is always a narrow line which con-

tinually shifts from near the center of the head to the gage corner and back. This pro-

duces flow of the gage corner even in rails of 340 Brinell hardness. Fig. 7 shows the gage

side of specimen 810H, a heat-treated intermediate manganese rail. A J^-in. cross section

has been cut out near the center of the wheel path, etched and turned to show the

shelling cracks. The cracks were intensified with ink to show more plainly in the photo-

graph.

-RAIL NO IOe2A, 37. CHROMIUM 8.H.N.375

LENGTH OF WHEEL PATH, INCHES
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WHEEL LOAD- 50,000 LB
NUMBER Of CYCLES- 2,000.000

BRINELL
RAIL NO. KIND OF RAIL NUMBER
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Fig. 6.—Photograph of Cradle Rolling Machine.

The bar graph, Fig. 9, shows the number of cycles each rail was rolled before the

cracks were noticed on the side of the rail heads. Here again the 3 percent chromium

rail appears to be far superior to any of the other specimens. The British Sandberg sor-

bitic rail did not crack for some time in this test; however, having a Brinell hardness

of only 235, it flowed rapidly and would have been considered unsatisfactory on the

basis of flow only, early in the rolling test. The fact that the heat-treated intermediate

manganese rail cracked at fewer cycles than the unheat-treated specimen of the same

rail indicates the need of further study. Probably the best heat treatment for this type

of steel was not used.

The Development of a New^ Rail Steel to Resist Shelling

The writer is aware of some of the factors involved in suggesting the use of a special

alloy rail steel on curves to resist shelling; also that the problem of changing steel for

curves will be even more complicated if a low alloy heat-treated rail steel should be

found to be the most economical for this service. However, he believes that most rail-

road engineers appreciate the possibilities of improvement to be derived from both
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Fig. 7.—Gage Side of Rolled Specimen and Cross Section Cut Out.

higher alloy steels without heat treatment or lower alloy steels used in the heat-treated

state. To study this problem intelligently the writer has asked some metallurgists for

their suggestions and cooperation. These men have collected enough bars of steel for

rolling tests from three of the N.E. (National Emergency) steels. These are low alloy

steels usually containing less than one percent of manganese, chrome and nickel and

small amounts of molybdenum. The carbon content ranges from 0.40 to 0.53 percent.

Such low alloy steels for railroad rails would probably have to be heat-treated. The

steels will first be studied by making hardenability tests and then the most promising

ones will be selected and specimens prepared for rolling tests, using the 1-in. wheel path

type of specimen. As this type of specimen does not require that the steel be rolled into

the shape of a rail, rectangular bars about the size of a rail head, IJ^ in. by 3 in. will

be used for these preliminary tests. If some steel is found which shows considerable

promise in these preliminary tests an ingot could be rolled into rails for further study.

Studies of Newly Laid Rails in Test Track Curves

In 1943 the Chesapeake & Ohio Railway laid new 131-lb. RE rails on four curves

where shelHng had previously developed. Through the interest of L. T. Nuckols, engineer

maintenance of way, and the help of L. H. Roden, his assistant, these curves have been

examined twice. The first inspection was made from one to five months after the rails

were laid and the second one year later—in June 1944. Table 3 summarizes the obser-

vations and hardness tests made on both inspections.

It will be noted that several of the rails have developed dark shelly spots in about

17 months of service. The rails are worn very little and it seems to be an economic waste

to have rails fail by shelling after such a short time in track.

Mr. Hewes has reported to the members of the subcommittee on shelly railroad

studies that the Norfolk & Western Railway has purchased one heat of 3 percent chro-
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Fig. 8.—Rails Which Developed Shelling Cracks When Rolled in Cradle-Type Machine.

All specimens but (a) etched in SO-percent hot hydrochloric acid. a. Rail 1081C, 3 percent chro-

mium after 2,867,800 cycles, b. Rail 814B, British Sandberg sorbitic after 1,557,600 cycles, c. Rail 810,

intermediate manganese after 1.070,400 cycles, d. Rail 810H, intermediate manganese heat-treated after

718,000 cycles, e. Rail 812, 0.45 percent silicon after 720,000 cycles, f. Rail SUA, mill heat-treated

after 989,400 cycles.

RAIL NO KIND OF RAIL

CYCLES BEFORE CRACK DEVELOPED

BRINELL
TIMES 1,000,000

NUMBER

1081 C

8I4B

810

810 H

812

8I3A

3% CHROME

SANDBERG SORBITIC

INT. MN.

375

235

270

804-5 STANDARD OPEN HEARTH 262

INTMN LAB HEAT TR.

45% SI (USED)

MILL HEAT TREATED

340

288

330

Fig. 9.—Summary of All Rolling-Load Tests Made in Cradle-Type Machine.
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mium rails for track tests. Several heats of this steel were made into rails in the past

but as far as the writer knows none was laid in curves where shelHng had previously

developed. The results of the Norfolk & Western track tests will be of particular interest

because they will afford a comparison with the laboratory tests reported herein which

show that the 3 percent chromium rails have given test results several times better than

ordinary open-hearth steel rails.

It was also reported that the same railroad has placed in service a few heats of

131-Ib. rail with a modified head contour, as shown in Fig. 2 of Appendix U-a. Like-

wise, the Pennsylvania Railroad has recently laid some lS2-lb. rail with a modified head

contour as shown in Fig. 1 of the first part of this report. Arrangements have been

made to obtain specimens of these two modified sections for laboratory rolHng-load tests.

Report on Assignment 12

Investigate Recent Developments Affecting Rail Design

C. B. Bronson (chairman, subcommittee), W. C. Barnes, C. B. Bryant, W. J. Burton,

H. R. Clarke, C. J. Code, G. F. Hand, F. S. Hewes, G. M. Magee, R. W. Marye,
Ray McBrian, C. E. Morgan, W. H. Penfield, F. S. Schwinn, J.C.Wallace, L. Yager.

This is a progress report and presented as information.

A year ago, the subcommittee presented a review of past developments on the sub-

ject. At that time an outline of procedure of the investigation was presented, consisting

of three main phases, as follows:

1. Obtain such additional field measurements as necessary and analyze them to de-

termine the range of stresses and frequency of their occurrence throughout the webs of

both 112-lb. and 131-lb. RE rail sections.

2.* Determine to what extent the stress range, as found in the present rail sections,

can be lowered by revisions or modification of the web or other elements of the rail

cross section.

3.* Determine by laboratory investigation the fatigue strength of steel in rail web
including the effect of mill scale, stamped and rolled letters, corrosion, etc., with partic-

ular regard to the range of stress that is encountered in service conditions.

The various phases of the work carried on during the past year, with considerable

vigor and success, are subdivided as follows:

(a) A final report on the tests conducted at Proviso Yards on the Chicago & North

Western in 1943 with track and loading conditions so controlled as to permit direct

comparison of stresses obtained with rail sections of various designs is presented in

Appendix 12-a under the title. Static Stress Measurements in Five Test Rails in Special

Tangent Track under Controlled Loading Conditions—Proviso Tests of 1943 (page 660).

(b) A report of field tests on the Chicago, Burlington & Quincy near Lathrop, Mo.,

using four of the rail sections indicated in (a) is presented in Appendix 12-b with the

title, Stress Measurements on Four 112-115-lb. Test Rails in Tangent Track and in a

4-deg. Curve under Regular Train Traffic—Lathrop Tests of 1944 (page 692).

(c) A monograph on Shearing Stresses in Rail by G. A. Maney, consulting engineer,

Northwestern Technological Institute, Evanston, III., appears in Appendix 12-c(page 733).

* The order of "2" and "3" was reversed in the previous report, Proceedings, Vol. 4S, 1944,
page 270.
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(d) Studies of web failures of rail conducted in the Talbot Laboratory, University

of Illinois are presented in Appendix 12-d as a Progress Report on Web Failure of Rail

by H. F. Moore and R. S. Jensen (page 744).

(e) The "spike maul" tests are covered in Appendix 12-e in the form in which they

were presented to chief engineering officers on September 26, namely, a letter of trans-

mittal by F. R. Layng, chairman of the Engineering Division, AAR, and a Report of

AAR Tests to Determine Effect of Spike Maul Blows on Rail Web at Low Tempera-

tures and a report on New York, New Haven & Hartford Railroad Split Webs in 112-lb.

RE Rail (page 749)

.

(f) A compilation of data on web failures from certain roads selected because of

extensive use of 112-lb. and 131-lb. RE sections, or for other reasons, appears in

Appendix 12-f, Reported Rail Web Failures in Service (page 761).

Appendix 12-a

Static Stress Measurements on Five Test Rails in Special Tangent
Track Under Controlled Loading Conditions

—

Proviso Tests o£ 1943

In order to obtain information with regard to Part 2 of the investigation, namely to

"Determine to what extent the stress range, as found in the present rail sections, can be

lowered by revisions or modification of the web or other elements of the rail cross sec-

tion" it was decided to make field tests with track and loading conditions so controlled

as to permit direct comparison of stresses obtained with rail sections of various designs.

This required that rail sections to be compared should be subject to identical loading and

support and the stresses accurately measured.

The tests were carried out by the Engineering Division research staff with funds pro-

vided by the Association of American Railroads.

E. E. Cress, assistant research engineer, was in direct charge of the investigation,

under the general supervision of G. M. Magee, research engineer. Randon Ferguson, elec-

trical engineer, and M. F. Smucker, assistant electrical engineer, conducted the field tests.

The Five Test Rails

The rails selected for test were: (1) The 112-lb. RE rail; (2) the Denver & Rio

Grande Western Railroad proposed llS-lb. rail which conforms with the design prepared

by Walter Leaf, research technician, from his photoelastic work and the study of stress

measurements made on that railroad; (3) the 112-lb. TR (torsion resisting) rail designed

by G. R. Burkhardt, of the engineering department of the Burlington Lines; (4) the

llS-lb. study section A, a design by members of the research staff that provides a thicker

web but at the same time permits the use of head-contact bars and provides interchange-

ability with the present 112-lb. RE section; and (5) the 131-lb. RE rail. The three mod-
ified designs of the 112-lb. RE rail are shown in Fig. 1.

The 131-lb. RE and the 112-lb. TR rails were the ordinary rolled sections. The 115-

Ib. study section A rail used in the tests was machine planed to size from rail steel of

131-lb. RE section removed from the mill rolls at a pass where the unfinished web was
thick enough to obtain the desired section, and the 112-lb. RE and 115-lb. D. & R.G.W.
sections were planed from new 130-lb. PS rail. A length of about 11 ft. of each rail was
planed to the desired cross section. Each 11-ft. length of special rail section was then
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_U_^F'^1^'-J'"""

7^I II' Tie Plates

Special Test Roil

Use e Rail SpiMs
per .Plate

Fig. 2.—Layout of Test Track for Stress Measurements in Five Rails under Controlled

Loading Conditions. Proviso Yard, 1943.

pressure welded with a length of 112-lb. RE standard rail at each end to form a rail 39

ft. long. In the finished rails, one end of the special section was 4 ft. 3 in. from the rail

end so that the special section would fall in the quarter length of the rail between the

rail joints. The 112-lb. RE planed section was used in the tests rather than a rolled sec-

tion, to avoid making the comparison between a rolled and planed section.

The Special Track

The tests were made in the Proviso, 111., yards of the Chicago & North Western Rail-

way. A yard track was set aside and three rail lengths of the track were relaid and put

in condition for the tests.

Fig. 2 shows the layout of the test track. Eight sawn oak ties were installed at the

test location so the rails would be in as nearly a common plane as possible. Eighteen

strain gages were applied to each test rail, all gages being located at one cross section.

The location of the gages on the test rails was such that when the test rails were placed

in track the gages were at gage location "A", a section halfway between ties 4 and 5.

After the loading tests were completed at location "A" the rail was moved 10 in. east

(by moving a "dutchman" placed in the south rail well back from the test location) so

that the same rail gages were then placed at location "B" which is directly over the

middle of tie and tie plate S, and the loading tests were repeated. The five test rails were

installed one after another at the same track location as the test progressed. Double-

shouldered tie plates 7^4 in. by 11 in. and canted 1 in 40 were used under the test fails.

The tie plates used under the four 112, 115-lb. test rails had ^-in. rolled crown rail

seats and flat bottoms. The tie plates used under the 131-lb. RE test rail had flat rail

seats and flat bottoms.

Eight roller bearing tie plates designed to measure the lateral force produced at each

tie were installed on eight consecutive ties under the north rail directly opposite the south

test rail location. Strain gages 21 to 28 were placed one on each of the eight special tie

plates to record the lateral force produced. A description of these roller bearing tie plates

is given on page 69 of AREA Bulletin 447.
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The Test Loads

Two flat cars loaded with new rail were used for the controlled loading conditions.

One car was loaded to a weight of 20,000 lb. per wheel, the second car was heavily

loaded to a weight of 40,000 lb. per wheel. The east axle of each car was equipped with

rolled steel wheels at standard wheel gage and with standard flanges but with the wheel

treads newly turned to a taper of 1 in 40 so that the centroid of the wheel bearing would

be expected to come at or near the middle of the head of the test rail canted 1 in 40.

The intermediate axles of each car had worn wheels at standard wheel gage. The west

axle of each car was equipped with rolled steel wheels mounted on the axle with ^-in.

wide wheel gage and standard flanges but with the wheel treads newly turned to a taper

of 1 in 40. The object of the wide wheel gage of these axles was to cause the wheel

flanges to bear sharply against the gage corner of both rails and thus produce a large

lateral load in combination with the vertical load. The track gage was narrowed to 4 ft.

83^ in., which in combination with the wide wheel gage produced a lateral load under

these two axles of about 10,000 lb. at each rail. The lateral force produced against the

north rail was measured on the roller bearing tie plates and was assumed to be approxi-

mately the same on the south rail. The four south wheels of the medium weight car

were designated A, B, C, and D, starting at the east end. The four south wheels of the

heavily loaded car were designated E, F, G and H, starting at the east end. A majority

of the test loadings were made with wheel E, a vertical load of 40,000 lb. and wheel H,

a vertical load of 40,000 lb. combined with the lateral load. A locomotive crane was used

as power to spot the individual wheels of the test cars at desired locations at or near

the strain gages on the test rail.

One of the principal objects of the test was to study the stress effects caused by

eccentricity of wheel loading on the rail head. For many of the test loadings a Ve-in.

diameter soft steel wire was laid longitudinally on the rail head to control the position

of the wheel bearing on the rail head. Longitudinal lines were scratched along the rail

head to indicate the desired loading positions. As the test wheel slowly approached the

desired rail spot, the wheel ran on the wire. The wire was guided on the rail head by

hand, and it was possible by this method accurately to control the contact of the wheel

load to a desired position across the rail head. By this method, a wheel load was con-

centrated at positions across the rail head at ^ in. inside the middle of the head; at

}i in. inside the middle; at the middle; and at 54 in- outside the middle. It was found

impossible to concentrate the bearing at one inch from the middle of the rail head, as

at this position the wire usually became unmanageable and rolled off the side of the rail.

The committee is greatly indebted to the Chicago & North Western and in particular

to B. R. Kulp, chief engineer, and his staff for their very fine cooperation in making the

necessary arrangements for the Proviso tests.

Test Apparatus

On each test rail eighteen ^-in. length SR-4 electrical type wire resistance strain

gages were attached at one cross section. Eight of these gages were placed on the inner

or gage side of the rail web (gages 1 to 8 in Fig. 2) and an additional 8 were placed

directly opposite on the outer web face (gages 11 to 18). All of these gages measure the

strain in either a vertical direction or along the periphery of the rail cross section, trans-

versely of the rail length. Two gages (9 and 19) were placed longitudinally on the upper

side of the flanges of the rail base to measure the longitudinal bending strain in the rail

base. Two gages were placed parallel to the tie plate length along the center line of the

bottom of each of the two tie plates nearest the measuring gages on the rail so that

these two tie loads could be approximated and the direction of the resultant wheel load
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Fig. 3 (a) .—Test Track and Field Test Building in Proviso Yard.

Fig. 3 (b) .—Location of %-ln. Length Wire Gages on Outer Face of Rails.

on the rail could be determined. One strain gage was placed on each of the 8 roller

bearing tie plates (gages 21 to 28 in Fig. 2) on the opposite north rail to indicate the

lateral force produced at these locations.

Leads were run from the 30 strain gages to the test house nearby where values of

the strain developed at each gage were measured and recorded. The apparatus used was

the Baldwin-Southwark SR-4 portable strain indicator which measures with good accu-
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Fig. 3 (c) .—Lateral Recording Tie Plates Opposite Test Rail.

Fig. 3 (d) .—Test Car Loaded to 40,000 Lb. per Wheel.

racy and high sensitivity the electrical resistance of the gage, which changes in direct

proportion with a change in strain at the gage location. The instrument is calibrated to

read strain directly. If the resistance of the gage under load is greater than for zero
load, the strain is tension; if lower, the strain is compression.

Special data sheets were printed to speed the recording of about 15,000 individual

measurements taken. FoV an individual static wheel loading test it was possible to meas-
ure and record the strains in the 30 gages in about five or six minutes. Frequent sets of

zero strain readings were taken between test load readings to reduce errors due to tern-
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Web Stress Tests Gage Side
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Fig. 4.—Measured Stresses in 112-Lb, RE Rail Halfway between Ties for

Static Load of 40,000 Lb. Controlled Loading Conditions as Indicated on Rail

Head.
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Fig. S.—Measured Stresses in 112-Lb. RE Rail over Middle of Tie for
Static Load of 40.000 Lb. Controlled Loading Conditions as Indicated on Rail
Head.
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perature changes and other variations to a minimum. The reference gage in the oppo-

site leg of the Wheatstone bridge circuit was attached to an unloaded block of steel and
placed alongside the rail to compensate for temperature change effects. As the wire gages

are very thin, and as their effective height of measurement is less than 0.01 in. from the

surface of the specimen, no conversion was necessary to correct the measured strain to

the rail surface. For most of the many strains measured, repeat reading could be made
to check to within 100 or 200 lb. per sq. in., almost unbelievably good. Considering

possible differences in the accuracy of manufacture of the gages and cross effect from

transverse stress, the errors in measurement probably did not exceed three or four per-

cent as a maximum.

The tests were made in August and September 1943. About 400 individual varia-

tions of loadings were applied to the five test rails. Only static stresses with the wheel

load stationary or moving very slowly could be read with this type strain indicator.

In order to obtain the distribution of stress along the length of the rail, the stresses

were read with the test wheels directly over the rail gage location, then at various incre-

ments of distance each way from it.

Results of Tests

The newest type of wire strain gages with an effective measuring length of only

%. in., which can be cemented directly to the surface of the specimen, permits the meas-

urement of rail stresses over a wide range of conditions. With such gages available, an

effort was made to plan these tests so that the factors causing high web, fillet and base

stresses might be separated and analyzed. The tests were also planned so that all five

of the rails would be placed in track one after the other at the same track location,

and each subjected to the same loading conditions so that direct comparisons could

be made of the variations in magnitude and distribution of their stresses.

Comparison of Stresses Under Controlled Loading Conditions

In Fig. 4 are plotted the measured stresses in the 112-lb. RE rail, with the wheel

loads directly over the rail gages which are located halfway between the ties; while in

Fig. S they are plotted with the wheel loads directly over the rail gages which are located

directly over the middle of the tie and tie plate. Values in the top half of the figures are

for wheel E, a vertical load of 40,000 lb.; in all these tests the position of the wheel bear-

ing on the rail head is controlled by a wire lying on the rail head and the wheel load

bearing entirely on the wire, concentrating the bearing pressure at positions as indicated

on the rail head. Three or four positions of wheel bearing across the rail heads are plotted

on each diagram to give the stress range for variations in eccentricity of loading. Values

in the bottom half of the figures are for the wheel H, a vertical load of 40,000 lb. in

combination with a lateral load estimated at about 10,000 lb., produced by the wheel

flange bearing sharply against the gage side of the rail because of the wide wheel gage

at this axle. Again the wheel bearing on the rail head is controlled by a wire lying on

the rail head at desired positions; the wheel load bearing is entirely on the wire except

for the flange bearing sharply at the gage corner of the rail. A small vertical component

of the load will be combined at this point of flange contact with the lateral load but it

is thought that the vertical component is not large. It should be borne in mind that the

rail gages 1 to 8 and 11 to 18 measure the strains in either a vertical direction or along

the periphery of the rail cross section. Gages 9 and 19 measure the longitudinal bending

strain on the upper flange of the rail base. The two gages 10 and 20 are on the bottom

of tie plate S and measure the strain along the length of the tie plate or in a direction

transverse to the rail length.
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Figs. 6 to 13, inclusive, give identical data for the other four test rails in exactly
the same track locations and with the same test loads and positions of wheel bearing
on rail head. For the four 112, 115-lb. test rails, the same rolled crown tie plates were
used, but for the 131-lb. Re rail the tie plates had to be changed and these plates had
flat rail seats.

Tables 1 and 2 present the same data for the five test rails as are contained in

Figs. 4 to 13. In Table 1 the wheel loads are directly over the rail gages which are half-

way between ties. In Table 2 the wheel loads are also directly over the rail gages, but
the rail gages are directly over the middle of a tie and tie plate.

The significance of the measured stresses will be discussed later in detail under
separate topics. For the combination of 40,000-lb. vertical load with the various amounts
of controlled eccentricity and lateral loads given in the figures and tables, the range of
stress in the five rails is as follows: The stress recorded in the upper fillet radii (gages
2-12) ranged from —43,000 to +4,000 lb. per sq. in.; the stress in the upper web,
gages 3-13 which are 4J4 in. above the base, ranged from —36,000 to +8,000 lb. per
sq. in.; the stress in the lower web, gages 6-16 which are 2 in. above the base, ranged
from —36,000 to +20,000 lb. per sq. in.; the stress in the lower fillet radii (gages 7-17)
ranged from —42,000 to +5.000 lb. per sq. in.; the longitudinal stress in the flanges of
the base (gages 9-19) ranged from —6,000 to +44,000 lb. per sq. in., a stress far higher
than can be attributed to the longitudinal bending moment developed in the rail due
to the load and the usual assumption of a continuous elastic support. In the lower half
of the rail, all of the above maximum values were produced with the gages directly
over the middle of the rolled crown tie plate in combination with the wheel H, 40,000
lb. vertical load combined with lateral load.

Each of the four 40,000-lb. test load wheels E, F, G, and H, were also spotted
over the gages without using the wire to control the position of the bearing on the
rail head. These values are not plotted because the loading conditions vary widely and
few factors can be separated. It was observed that wheels F and G, the wheels with the
worn flanges and treads, sometimes had the wheel bearing concentrated at a position
about one inch inside the middle of the rail head. Under this condition, stresses of
—46,000 lb. per sq. in. were produced in gage 2 and —37,000 lb. per sq. in. in gage 3
of the 112-lb. RE rail. The wheel H produced a ma.ximum longitudinal stress in the
outer base flange (gage 19) of +50,000 lb. per sq. in. with uncontrolled wheel bearing.

The stresses produced under the medium weight test car with wheel loads of 20,000
lb. per wheel are not plotted nor given in table form. For the wheel load A, a vertical
load of 20,000 lb. with eccentric loads concentrated at ^ in. inside the middle of the
rail head, at the middle and 54 in. outside the middle, the stresses at all the various gage
lines are usually just about one-half or slightly more than one-half as great as for wheel
E (vertical load of 40,000 lb.) under similar loading conditions. Wheel D had 20,000 lb.

vertical load but developed a lateral load as large as wheel H; thus at certain gages it

produced stresses more than half as large as wheel H. For wheel D the maximum rail

stresses directly over the tie plate produced in gage lines 2, 3, 16, 17, 18, and 19 are
—26,000, —22,000, —24,000, —25,000, —22,000 and +32,000 lb. per sq. in., respectively.

On the right hand side of Figs. 4 to 13 is plotted the average direct stress in gages
3-13, 4-14, etc. These values will be discussed under a separate heading.

Stresses in Fillets and Effect of Change in Upper Fillet Radius
As far as is known, this is the first field test in which it has been possible to place

strain gages on the upper and lower rail web fillets to measure fillet strains. Before
these tests were started a calibrated "curved beam" with an interior radius of 3/s in.
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Fig. 6.—Measured Stresses in llS-Lb. D. & R.G.W. Rail Halfway between

Ties for Static Load of 40,000 Lb. Controlled Loading Conditions as Indicated

on Rail Head.
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Fig. 7.—Measured Stresses in llS-Lb. D. & R.G.W. Rail over Middle of Tie
for Static Load of 40,000 Lb. Controlled Loading Conditions as Indicated on
Rail Head.
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Fig. 8.—Measured Stresses in 112-Lb. TR Rail Halfway between Ties for

Static Load of 40,000 Lb. Controlled Loading Conditions as Indicated on Rail

Head.
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Fig. 9.—Measured Stresses in 112-Lb. TR Rail over Middle of Tic for

Static Load of 40,000 Lb. Controlled Loading Conditions as Indicated on Rail
Head.
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Fig. 10.—Measured Stresses in llS-Lb. Study A Rail Halfway between
Ties for Static Load of 40,000 Lb. Controlled Loading Conditions as Indicated

on Rail Head.
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Fig. 11.—^Measured Stresses in 115-Lb. Study A Rail over Middle of Tie for

Static Load of 40,000 Lb. Controlled Loading Conditions as Indicated on Rail

Head.
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Fig. 12.—Measured Stresses in 131-Lb. RE Rail Halfway between Ties for

Static Load of 40,000 Lb. Controlled Loading Conditions as Indicated on Rail

Head.
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Fig. 13.—Measured Stresses in 131-Lb. RE Rail over Middle of Tie for

Static Load of 40,000 Lb. Controlled Loading Conditions as Indicated on Rail

Head.
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was built, this being the radius of the upper web fillet of the 112-lb. RE rail. Wire gages

of a length of J4 "i- were placed on the inner and outer radii of the curved beam.

It was found that the measured stresses were within reasonably close agreement with

the calculated values derived from the usual formula for this controlled condition.

Therefore, it can be expected that the gages attached to the web fillets measure the

existing fillet strains to a satisfactory accuracy. The actual fillet radii of all the test

rails were close to the design radii given and the fillet surfaces were smooth. Consider-

able care was taken in attaching the gages to place them at the middle of curvature

of all radii.

In the five test rails the radii of the upper fillets ranged from }i in. for the 112-lb.

RE and llS-lb. Study A rails to ii-in. radius for the 112-lb. TR rail. In Fig. 14 the

stresses at gage 2 at the upper inner web fillet are plotted against the fillet radii and

also against the web thickness at this point for the five rails. The loads used in this

diagram have their eccentricity at a point ^ in. inside the middle of the rail head. The

wheel E has a vertical load of 40,000 lb. and the wheel H has the same vertical load

but combined with a lateral load. The stresses in this upper fiJlet are decreased by

about 25 percent when the fillet radius is increased from ^ in. to ii in., as shown at

the left side of Fig. 14. Increasing the fillet radius also thickens the web and it is difficult

to separate the two effects. The decrease in stress with the increase in web thickness

at fillet height is shown at the right side of the figure. For the inner upper fillets,

the wheel H with lateral load produces maximum stresses somewhat greater than for

wheel E, produced in part by a vertical component at the wheel flange which increases

the resultant inward eccentricity of loading. In the upper fillets there are usually only

small variations in stress with the rail gages directly over a tie as compared to the

position located halfway between ties.

It is very difficult if not impossible, to calculate with accuracy the change in rail

fillet stress due to changing the fillet radius. The effect of changing the fillet radius

upon the distribution of stress lengthwise of the rail and upon the concentration factor

of the fillet makes the problem rather complicated. However, it is quite apparent from

the measurements that increasing the fillet radius has a marked effect in decreasing the

fillet stresses.

Gage 2 on Upper Inner iVeb Fillet ^ith Loads /4 in. Inside Middle of Head

lb. RE. + 112-lb. TR. A 115-1b. Sec. A, X Il5-lb. DiRGtV

''/4 ^/B '/2 Va ^4 ''/b.BO

Upper Web Fillet Radii -Inches
.90 1.00 I.IO

Thickness of tVebs- Inches
1.20

Fig. 14.—Upper Inner Web Fillet Stresses Compared with Change in Fillet

Radii and with Thickness of Webs for Five Rails—Gage 2—Average of Values
over and between Ties.
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For the 112-lb. TR rail, the measured stresses in the iJ-in. upper web fillet radius

are always slightly less than the stresses in the upper portion of the web at gages 3

and 13. For the llS-lb. D. & R.G.W. rail, the stresses in the 5^-in. upper fillet radii are

about the same, or sometimes slightly more than the stresses in the upper portion of

the web. For the other three rails with the smaller upper web fillet radii of ^ and

Yi in., the maximum stresses in the upper fillets are always greater than the stresses

in the upper portion of the rail webs.

Three of the test rails have lower fillet radii of H in. and two have radii of ^ in.,

a small variation. With the rail gages halfway between the ties, the stress range in the

lower web fillets is from —9,000 to +3,000 lb. per sq. in. However, with the rail gages

directly over the tie plate and especially with the rolled crown tie plate, localized com-

pressive stresses as high as 42,000 lb. per sq. in. exist in the lower outer fillet. These

high stresses in the lower outer fillet are produced by the vertical load in combination

with the lateral load concentrating a major part of the tie reaction on the tie plate

at a point directly under gage 19 at the outer edge of the base flange. This high con-

centrated tie plate reaction near the outer edge of the rail base bends the outer flange

of the base upward and the flange, acting as a cantilever beam, produces a high stress

in the outer lower fillet about a vertical cross section and also a high compressive stress

at gage 18. These high stresses in gages 17 and 18 extend for only a few inches along

the length of the rail over the tie plate, becoming negligible halfway between ties. A
rolled crown tie plate acts to concentrate this pressure at almost a point and thus in-

creases the lower web fillet and base stresses to a far greater extent than does a tie

plate without rolled crown.

It was surprising to find the measured stresses in the lower outer web fillet directly

over the rolled crown tie plates to be fully as high as the measured stresses in the upper

web fillets or in the upper portion of the web. However, it is evident that the tie

plate, particularly one having a crowned rail seat, may also produce a concentrated

and eccentric condition of rail "loading". The tie reaction may be expected to be less

than the wheel load, but the eccentricity of "loading" on the rail base may be far more

than that on the rail head.

Distortion of Under Side of Rail Head and Upper Web Fillets

All five of the test rails were new and had not been in track before this test was
started. During this test each new rail was subjected only to the passage of the test cars

over them probably from SO to 100 times, and no other train traffic was on these rails

during the test. The effective length of each gage was measured electrically to a unit

change in length of 0.000,001 in. under zero load at frequent intervals throughout the

series of tests between the application of the test loads. The data, when reduced and

assembled, provided definite evidence that for the successive zero loads, the effective

length of gages 1, 2, 11 and 12 located on the under sides of the rail heads and on the

upper web fillets had always progressively decreased in length after the application of

each wheel load. Each of the five test rails most definitely gave similar results. The
zeros in the other 14 gages on each of the five test rails showed none of this effect

whatever; each of the zero load readings remaining constant throughout the tests within

narrow limits. The shortening of the steel at the above gage lines after test amounted

to a residual compressive stress of from 10,000 to 25,000 lb. per sq. in. at the individual

gages or an average shortening of about 0.0006 in. per in. It should be remembered that

the measured stresses under the loads in gages 1 and 11 never exceeded 10,000 lb. per

sq. in. and the stresses in gages 2 and 12 were never greater than —50,000 lb. per sq. in.,

neither of which could cause any permanent set in the steel or flow in the gage element
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due to high stresses at the gage locations, nor was there any permanent set at any others

gage location with equally high stresses.

The residual stresses measured by the gages at the under sides of the rail heads

and in the upper web fillets must be caused by plastic deformation and flow within

the rail head produced by high bearing pressures, the effect of which extends down to

the under side of the head and into the upper web fillets. Progressive distortion of

this nature that takes place in rails under heavy traffic after but a short period of

service is probably much greater than that occurring as the result of the few appli-

cations of these test loads. It would seem worthwhile to give further study to these

residual fillet stresses and to residual stresses in the rail head in actual service conditions.

Effect of Thickening the Web

Previous track tests have disclosed occasional maximum vertical stresses in the

upper portion of the webs of the 112-lb. RE rail, but beneath the fillet, ranging up to

70,000 lb. per sq. in. compression. In all three of the modified design test rails com-

parable with the 112-lb. RE rail, the upper portion of the webs have been thickened.

At gages 3 and 13 located 4^ in. above the base, for the range of loading conditions

imposed in the tests, the maximum compressive and tensile stresses were —36,000 and

-|-12,000 lb. per sq. in., respectively. In the lower portion of the webs, one modified

rail design has thickened the web slightly as compared with the 112-lb. RE rail and

the other two designs have made it thinner. At the left side of Fig. IS the vertical

Cage 3 at 4'/2 in above Base Ga. IS at 3 in. aboi/e Base Cage li> at 2 in. abo\/e Base

40

-30

C

^-20
K

10
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•5 '.no

^ -30
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only for the condition with the gage directly over the middle of the tie plate as the

stresses developed halfway between ties are considerably smaller.

An increased web thickness materially lowers the stresses, but the stresses are not

large at this portion of the web for any web thickness shown, and a thickness of 0.66

in., would give a good stress balance.

At the right side of Fig. IS are plotted the maximum stresses in the 5 rails at

gage 16 located on the outer web face at 2 in. above the base. Here again the values

are plotted only for the condition with the gage directly over the middle of the tie plate

as the stress developed halfway between ties is less than half of the stress developed

over the tie. As would be expected, wheel H produces the high stresses with the lateral

load in combination with the eccentric vertical load. For wheel H, the rail with a web

thickness of 0.69 in. at 2 in. above the base developed a maximum stress of —36,000 lb.

per sq. in., while those with a thickness of ^ in. or more developed stresses of —25,000

lb. per sq. in. or less. The gage stresses shown for the four 112, llS-lb. rails are directly

over crowned tie plates and should be directly comparable; the 131 -lb. RE rail is over

non-crowned tie plates which probably accounts to some extent for its lower stress.

Thickening the lower web at the height 2 in. above the base by only a small amount

greatly decreases the stresses and a desired thickness of 0.77 in. is ijndicated by the

stress measurements.

Effect of Eccentricity of Loading and Lateral Load

Figs, 4 to 13 show the effect upon the stress distribution over the entire rail web

of the change in position of eccentric loadings and the addition of lateral load. Figs. 16

and 17 are presented to show more exactly the relation of the stress in the upper por-

tion of the rail web to the amount of eccentricity of loading and also the effect of

combining a latftal load with the eccentric vertical load. In Fig. 16 are plotted the

stresses at gages 3 and 13 (4J4 in. above the rail base) for the 40,000-lb. vertical load

of wheel E with the 4 positions of loading giving amounts of eccentricity ranging from

^ in. inside to ^ in. outside the middle of the rail head. The stresses with the gages

located directly over the middle of the tie plates and at a position halfway between

ties are plotted separately, but it is seen that the stresses at the two rail locations fall

quite close to each other.

Following through an example of the change in stresses due to the change in loading

conditions, at the upper left side of Fig. 16, the values are given for the 112-lb. RE rail.

With the gages halfway between ties and the vertical load bearing concentrated ^ in.

inside the middle of the rail head, the measured stress at gage 3 at the inner web face

is —30,000 lb. per sq. in. and the stress at gage 13 directly opposite on the outer web

face is -|-9,000 lb. per sq. in. These two values are both plotted at their proper stress

values on a vertical line at a horizontal position corresponding to the position of eccen-

tricity of wheel load 54 i"- inside the middle of the rail head. The figure is completed

by plotting other combinations of stress values given in Tables 1 and 2 at their proper

places corresponding to the load positions across the rail head. It is noted that the stress

values for gage 3 on the inner web face lie along a straight Une ranging from a high

compressive stress with the load bearing toward the gage side of the rail, to a low

tensile stress with the load 54 in- outside the middle of the rail head. The stresses for

gage 13 on the outer web face also lie along a straight line, and the measured stresses

are almost equal for an eccentricity of equal amount but in the opposite direction. With

no eccentricity the stresses in both gages are approximately equal, and with -J^-in. eccen-

tricity towards the gage side, the stress at gage 3 is closely equal to that of gage 13 with

the same amount of eccentricity but towards the outer or field side. Had not the accu-
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racy of the measured stresses in gages 3-13 been within narrow limits and the positions

of eccentric loads almost as reported, the measured stresses would not have formed the

almost perfect patterns of Fig. 16. It is thought that these straight lines can be extended

to cover loading positions entirely across the head of the rail. One loading test with the

natural bearing of the 40,000-lb. wheel F (a wheel with worn tread) produced stresses

in the 112-lb. RE rail at gages 3 and 113 of —41,000 and +15,000 lb. per sq. in.,

respectively. Extending the above plotted lines, it is seen that these values would fall

on the extended lines indicating a centroid of wheel bearing at about iy& in. inside the

middle of the rail head, which is at the gage corner of the rail. It was observed during

this test that this wheel was bearing only at the gage corner of the rail.

It is thought that the diagrams shown in Fig. 16 can be used in conjunction with

stress values measured under selected individual wheels of regular trains to provide a

reasonable determination of the position of the centroid of their bearing on the rail

head. In this determination a satisfactory correction can be made for the difference in

weights of individual wheels by comparing the direct stress at gage locations 3 and 13,

which is closely proportional to wheel weight.

In Fig. 17 is plotted the same type of stress values for the wheel H, a 40,000-lb.

vertical load comJ)ined with lateral load. The stress lines for the two gages on opposite

sides of the web become equal in value with an eccentricity of loading about J4 in-

outside the middle of the rail head, instead of at the middle of the rail head, as was

found for wheel E with the vertical load only. It is thought that the values for the

upper part of the rail web are offset for the wheel H as compared to the wheel E, pri-

marily because of the vertical component of the wheel flange bearing on the gage corner

of the rail, which increases the effective inward resultant eccentricity of loading, rather

than because of the effect of the lateral load. Therefore, the curves for the vertical load

of wheel E in Fig. 16 may be used to estimate the position of the centroid of wheel

bearings under regular trains if stress measurements are available at these gage locations.

The plotted data fall into similar curves for any gage height in the upper or central

portion of the web but the values plotted above have a greater stress spread than for

the web positions where lower stresses exist.

Figs. 16 and 17 show the very marked effect that eccentricity of loading has on

the stresses in the upper portion of the rail web.

Direct Vertical Stress in Rail Web
Due to Centrally Applied Vertical Load

For a centrally applied vertical load the resulting vertical stress would be prac-

tically uniform across the thickness of the web. This uniform stress over the thickness

of the web may be termed the direct stress. For the condition of an eccentrically applied

vertical load, with or without a lateral load at the rail head, the direct stress under

the wheel is equal to one-half the algebraic sum of the measured stresses at the two

opposite web faces. The additional stress at either web face is a bending stress and its

magnitude under the wheel is plus or minus one-half the algebraic difference of the

measured stresses at the two opposite web faces.

At the right side of Figs. 4 to 13 for all the conditions of 40,000-lb. wheel loadings

of the S test rails, the direct stress is plotted for the 4 web heights at which pairs of

gages were located. In these same groups of plottings the average stress of gages 1-11,

2-12, 7-17 and 8-18 is also plotted. At these irregular cross sections the average stress

cannot necessarily be considered the direct stress, but the inclusion of these stress values

adds to the effectiveness of the ^diagrams. The direct stresses at the web cross section

4^ in. above the base (gages 3 and 13) range from —9,000 to —12,000 lb. per sq. in.
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Fig. 18.—Vertical Web Stresses in 112-Lb. RE Rail with Wheels Moved along

Track. Gages Located Halfway between Ties. Proviso Tests.

for all rails under all loading conditions. The direct stress at the sections at 4 in. and

3 in. above the base ranges from —6,000 to —10,000 lb. per sq. in. At the section 2 in,

above the base (gages 6 and 16) it becomes noticeable that the direct stresses with

the gages located halfway between ties range from —3,000 to —5,000 lb. per sq. in.

while the same stresses with the gages directly over the ties range from —6,000 to

—8,000 lb. per sq. in. The upward reaction from the tic undoubtedly causes the increase

in the latter values. The average stress at gages 7 and 17 and 8 and 18 are very low

with the gages located halfway between ties and moderately high directly over the tie.

As would be expected, the direct stresses under the 20,000-lb. wheel loads average

almost exactly one-half as great as under the 40,000-lb. loads. The direct stress at any

section would be expected to be directly proportional to the vertical load on the rail.

Although low in value, the direct stress in the upper web is probably one of the best

means of estimating the actual load of a wheel on the rail.
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Amounts of Eccentricity of Loading and Lateral Load. Controlled Loading

Conditions as Indicated on Rail Head.
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Up to this point the discussion has been confined to stresses recorded on gages

attached to the rails directly under the load. In Fig. 18 the measured stresses at a

location halfway between ties are plotted for the gages at three different web sections

of the 112-lb. RE rail with the wheels spotted back along the rail at intervals from

the gages. The measured stresses at the two sides of the web are plotted and the direct

stress is then calculated and shown as the heavy full line. For the horizontal web sec-

tions located at 4J/2 in. above the base, it is seen that the direct stress is about 12,000

lb. per sq. in. compression under the wheel, and that its distribution as the wheels move

away is not affected by those conditions of loadings causing high bending stresses. The

direct stress along the web varies from a maximum directly under the wheel contact

to zero at perhaps 4 in. in front of and behind the wheel contact. The variation of the

stress distribution along the web can be considered as a straight line. Former tests have

reported the length of section resisting the direct load to be about S in. each way from

the load. For the above reported values and considering the web area, the S in. distance

would appear a proper value.

Also shown in Fig. 18 is the direct stress at web sections at 3 in. and 2 in. above

the base. Due to the low values of the direct stress at these sections it is impossible to

estimate accurately the length of section resisting the direct load. It can be reasoned

that the length of rail resisting the direct load should increase in length at lower posi-

tions in the rail web.

Bending Stresses Due to Flexure in Rail Webs

Eccentric loads or lateral loads develop moments or couples transverse to the rail

length and bending stresses in the rail web in a vertical direction, in addition to the

direct compressive stress resisting the vertical load. The direct stress at a wheel is taken

as one-half the algebraic sum of the measured stresses at the two opposite web faces.

The magnitude of this bending stress, due to the transverse couple, at either web face

under the wheel is plus or minus one-half of the algebraic difference of the measured

stresses at the two opposite web faces. (See AREA Proceedings, Vol. 41, 1940, page 758.)

The measured stresses plotted in Figs. 4 to 13 for any horizontal web section are due

to combined bending and direct stress, except that with the vertical load of the wheel E
concentrated at the middle of the rail head the stresses produced are almost entirely

direct stress only.

The bending stresses in the rail web have been calculated for the several heights of

the rail web at which pairs of gages were located. These bending stresses have been

averaged for the four moderate weight test rails and their composite values are plotted

in Fig. 19 for the various conditions of loading. In the top half of the figure the bend-

ing stresses are plotted for wheel E with a vertical load of 40,000 lb. With the wheel

bearing at the middle of the rail head it is seen that there is little or no bending stress

developed at any web height. With the position of the loads located ^ in. inside or

outside the middle of the rail head, the bending stresses are highest at the top portion

of the web and reduce in value towards the lower portion of the web. One set of curves

is plotted for the gages located halfway between ties and the other set for the condition

with the rail gages located directly over a tie. It will be noted that there are only small

differences in the bending stresses for these two conditions, except for slight differences

at the lower portion of the web. The bending stresses at the two sides of the web are

equal in value but opposite in sign; that is, the bending stress at one side is compression

and at the other side it is tension. If the direct stress were added to the above values,

the resultant stress would be the measured stress plotted in Figs. 4 to 11.
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Fig. 20.—Diagrammatic Sketch of Deflection of a 112-Lb. Rail Section with
Various Amounts of Eccentricity of Loading and Lateral Load.

In the lower half of Fig. 19 the bending stresses are plotted for wheel H, 40,000-lb.

vertical load combined with lateral load. It is at once apparent that the bending of the

web with lateral load is entirely different than with only the vertical load. The bending

stresses in the upper portion of the rail web change but slightly with the rail gages

located over or between ties. In the lower portion of the web, the bending stresses are

higher with the gages directly over the tie than at a section halfway between ties.

With the nature and magnitude of the bending stresses at the several web heights

known, it is possible to sketch diagrammatically the lateral deflections of a rail section

for the loading conditions imposed in the tests. In Fig. 20 is sketched the form of the

deflection of the rails as denoted by the bending stresses of Fig. 19. In the top part of

the figure are flexures produced by eccentric vertical loads. For conditions a, b, c and /,

the bending stresses at one web face do not change in sign at any web height, therefore

the flexure of the web is a simple curve. The attempt was made to draw the curvature

of flexure at each horizontal section at which pairs of gages were located proportional

to the bending stress at that section; that is, where the bending stress is high the curva-

ture is made sharper than where a lower bending stress occurs. For conditions of loading

d and e, a lateral load with the vertical load located ^4 in. inside the middle and at the

middle of the rail head respectively, there is a point of contra-flexure or reverse curva-

ture in the deflection of the rail web. This is indicated by the change in the bending

stress in one web face from compression to tension. Because of this reverse curvature,

the stress in the inner upper web fillet has somewhat more compression with the lateral
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load than without it. However, not all of this increased compressive stress in the inner

upper web fillet is caused by the lateral load, but part of it is caused by the vertical

component at the point of wheel flange contact which increases the resultant inward

eccentricity of loading. For all loading conditions the amount of web flexure with the

rail gages over the ties is always greater than at the section with the rail gages located

halfway between the ties. The flexure of the two flanges of the rail base is drawn pro-

portional to the bending stresses at gages 8 and 18. The deflection of the base flanges

halfway between ties is very small for all loading conditions, but directly over the tie

plates this deflection may become relatively large.

In the test schedule an attempt was made to find the length of rail back, from the

load point that resists the bending stress in the rail web due to eccentric load and lateral

load. As stated before, in Fig. 18 the measured stresses at a location halfway between

ties are plotted for the gages at three different web heights for the 112-lb. RE rail with

the wheels spotted back along the rail at intervals from the gages. The measured stresses

at the two sides of the web are plotted and the direct stress is calculated and shown by

the heavy full line. The magnitude of the bending stress along the inner web face is

represented by the distance between the measured stress at the inner web face and the

direct stress line as denoted by the distance m. The bending stress at the outer face is

denoted by n, it being equal in magnitude but opposite in sign to the value at the inner

face. For the plottings shown in the figure, the length of rail web subject to localized

bending from the loading conditions imposed cannot be definitely determined. For most

of the plottings the length of web along the rail resisting bending caused by eith'er an

eccentric or lateral load seems to be about 15 in. or 18 in. each way from the wheel

contact. A second wheel located within 66 in. can have little or no effect on the bending

stresses produced by the wheel under consideration.

Calculation of Rail Web Stresses

In attempting to calculate vertical web stresses in rail sections, the preliminary

analysis given by the late Dr. A. N. Talbot (AREA Proceedings, Vol. 41, 1940, page

758) for the direct stress produced by a centrally applied vertical load is useful. This

simple analysis assumes that a short length of rail has free ends and it does not take

into consideration the torsional rigidity of a long length of rail. Even so, this analysis

for eccentricity of wheel bearing can probably be used with some accuracy provided

the length of rail resisting bending is reasonably well known. For a lateral force on the

rail head, this simple analysis may be quite inaccurate and not usable. In it a lateral

force could produce no point of contra-flexure in the rail web, while in Fig. 20 for con-

ditions d and e a point of contra-flexure exists.

In the articles "Stresses in Railroad Track" by S. Timoshenko and B. F. Langer,

Applied Mechanics Section of ASME Transactions, December 15, 1932, the authors dis-

cuss web stresses. They point out that for a lateral load, the torsional resistance and

frictional resistance at the wheel contact of the rail head almost completely prevents

rotation of the top of the web and that because of this reversed curvature, the stress in

the fillet under the head is compression on the side of the lateral load. In this article

equations are set up for solution of moments and deflections produced by an eccentric

load and by a lateral load. These solutions are complicated and require constants that

are difficult to accurately determine.

The study of rail web stresses by the photoelastic method is also useful. Its accuracy

is somewhat hampered by two factors. First, the difference in modulus between the

several component parts of the specimen under test and rail steel. Second and probably

more important, a thin two-dimensional test specimen cannot take into account the tor-
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Fig. 21.—Sketches Illustrating Deflections of Rail Base and Tie Plate.

sional rigidity of a long length of rail and photoelastic measurements on a long three-

dimensional test specimen are difficult to make.

An analytical consideration of the web stress problem is not presented at this time.

It would necessarily be complicated by consideration of the torsional rigidity and dis-

tribution of localized stresses along the rail length. Since the development of the present

type strain gages, actual measurement of the stresses developed in the rail seems the

most practical approach.

Localized Stresses in the Rail Base Caused by Tie Reactions

High compressive stresses directly over the ties in the lower outer web fillets and

at the top of the outer base flange near its junction with the lower web fillet (at gage

locations 17 and 18) have been previously discussed. High stresses at these locations

occur only over the ties when the major portion of the tie reaction is concentrated at

one edge of the rail base.

The magnitude of these stresses is further intensified by the rolled-crown tie plate

concentrating the tie reaction along a very short length of the rail base. It has been

pointed out that the compressive stresses at these locations under certain loading con-

ditions are fully as high or higher than any stresses measured in the upper web fillets or

in the upper portion of the web.
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The measured longitudinal bending stresses at the top of the flanges of the rail base

(gages 9 and 19) will now be considered. With the rail gages located halfway between

the ties and with a centrally applied vertical load, the stresses at each edge of the base

of the four medium weight rails are about +10,000 lb. per sq. in. tension. This value is

in close agreement with the calculated stress made in the usual method. Even with the

most severe combination of eccentricity and lateral load, the longitudinal stress at cme

edge of the base halfway between ties does not rise above +20,000 lb. per sq. in. while

the companion stress in the opposite edge may drop almost to zero.

The longitudinal stress at the top of the flange of the base at a location directly

over the middle of the rolled-crown tie plate presents an entirely different picture, as

high localized stresses are developed at this point. The tie reaction will at best be con-

centrated along one or both edges of the rail base, but never entirely across the rail

base, as the tie plate is not as stiff in resisting cross bending as is the rail base. This

action is shown in Fig. 21(a). The lateral load in combination with the eccentric load

may concentrate the tie plate reaction at the outer edge of the rail base at a point almost

directly under gage 19. When this occurs, the concentrated pressure will cup up or bow
the base flange at its outer edge into a sharply reversed longitudinal flexure curve of

short length, thus producing a very high tensile stress at the top of the flange for a

short length (see Fig. 21(b)). This is undoubtedly the explanation of the longitudinal

tension values measured at gage 19 which were as high as 50,000 lb. per sq. in. for the

wheel H with lateral load.

The highest stress measured at either edge of the somewhat heavier base of the

131-lb. RE rail directly over the middle of a flat tie plate was +18,000 lb. per sq. in.

It is evident that the flat tie plate used in the test distributes the reaction pressures and

does not concentrate the tie reaction so nearly at a point along the rail base and thus

produce as high a localized tensile stress along the top of the flange of the rail base over

the tie plate.

Torsional Shearing Stresses Measured in 131-lb. RE Rail

Professor G. A. Maney cooperated in planning this portion of the test. His report

in Appendix 12-c includes the results of these tests.

Conclusions

Tests were conducted on a specially prepared yard track at Proviso, 111., on the

Chicago & North Western Railway in 1943 with four rail sections varying in weight from

112 to 115 lb. per yd. and having various cross sectional designs and also with the

131-lb. RE section. Stresses were measured over the rail web, in the upper and lower

web fillets, and in the rail base. In these measurements each rail section was subjected

to the same wheel loads, statically applied, with controlled amounts of eccentricity of

loading and in combination with lateral loading. The loadings selected were thought to

be within the upper range of those which would be encountered in service conditions on

tangent and possibly approaching those on curves. Subsequent tests made under regular

traffic on the same rail sections in 1944 on the main line of the Chicago, Burlington &
Quincy Railroad near Lathrop, Mo. are reported elsewhere and show that in service max-
imum loading conditions on a 4-deg. curve are considerably in excess of the loads used

in the Proviso tests. The Proviso tests are of value because the controlled loading con-

ditions permit a determination of relation between rail design and rail stresses, particu-

larly web and fillet stresses. The following conclusions have been determined from the

Proviso test:
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(a) Eccentric loading of the wheel on the rail head causes a localized stress con-

centration in the upper part of the rail web including the upper web fillets. Lateral

loading applied in conjunction with vertical loading has little effect on these stresses,

nor are these stresses materially different between ties and over ties.

(b) The resultant localized stress in the rail web immediately below the upper fillet

is directly related to the amount of wheel load, the amount of eccentricity, and the web
thickness. For the 112, llS-lb. sections an increase in web thickness above 0.75 in. at

4j^-in. height, and 0.70 at 4-in. height would have diminishing effectiveness.

(c) The localized stresses in the upper web fillets are also directly related to the

amount of wheel load and the amount of eccentricity of loading, but are more directly

related to the length of the fillet radius than to the web thickness. A fillet radius for

the 112, llS-lb. rail sections of ih in. will give fillet stresses of comparable value to the

stresses in the upper part of the rail web in accordance with (b) above. The fillet stress

with the present ^-in. radius is about 25 percent higher than with a IJ-in. radius fillet.

(d) Measured stresses were found to be moderate at the center portion or mid-

height of the rail web for all conditions of loading and are not judged to be of sufficient

magnitude to cause failure at this location in the rail web under any possible loading

conditions in service.

(e) High localized stresses, as high as in the upper ^-in. radius web fillets, were

developed in the lower portion of the rail web and lower web fillets over the tie plates

by lateral loading in combination with vertical loading. These stresses were much greater

over crowned tie plates and were little affected by the amount of eccentricity of wheel

load. Stresses in the lower web fillets were low between ties. Since these stresses are

so much affected by lateral loading, recommendations regarding the lower web thickness

and lower fillet radius will be presented in connection with the Lathrop tests.

(f) High longitudinal tensile stresses along the top outer edge of the rail base over

the tie plate were developed by lateral forces in combination with the vertical wheel

load. These were particularly high over the crowned tie plates.

(g) Some of the lighter weight rail sections (not -tested) have upper and lower web
fillets as sharp as J4-in- radius which would be expected to produce very high fillet

stresses. Some of these sections also have rail bases with a vertical height at the inter-

section of the lower web fillet and the base flange that would be expected to produce

very high localized stresses in curved track.

Appendix 12-b

Stress Measurements on Four 112-115-Lb. Test Rails in Tangent

Track and in a 4-Deg. Curve Under Regular Train

Traffic—Lathrop Tests of 1944

After completing the Proviso tests it was decided to make tests with the four 112-

llS-lb. test rails in main line track under regular train traffic. It was thought that

these additional tests would serve to develop further information with regard to the

range of stress variation in the rail web under service conditions, and also would pro-

vide additional information on the effectiveness of the changes in the various rail sec-

tions in reducing the stresses produced in service.
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It was considered desirable to make the test on both tangent track and on curved

track on a heavy grade where heavy power would be used and large lateral forces on

the rail would be expected. A location on the single track main line of the Chicago,

Burlington & Quincy Railroad near Lathrop, Mo., was selected as providing the desired

conditions for the test. The committee is indebted to that railroad and particularly to

H. R. Clarke, chief engineer, and his staff for their cooperation in making the necessary

arrangements for the Lathrop test.

The tests were carried out by the Engineering Division research staff with funds

provided by the Association of American Railroads. E. E. Cress, assistant research engi-

neer, was in direct charge of the investigation, under the general direction of G. M.

Magee, research engineer. Randon Ferguson, electrical engineer, and M. F. Smucker,

assistant electrical engineer, conducted the field tests.

The Test Locations and Track

The particular location selected for the test is near M.P. 191, about 4 miles west

of Lathrop, Mo. The tangent track test location is on a 1.23-percent grade descending

to the west. The curved track test location is just east of the tangent location on an

0.81-percent grade, also descending to the west. The curvature was 3 deg. 47 min. and

an elevation of approximately 5^4 i"- was provided which corresponds to an equilibrium

speed of 46 m.p.h. The inner rail is the south rail. The rail at both test locations had

112-lb. RE section laid new in November 1943.

The special test rails from the Proviso tests were also used for these tests without

change except to substitute a new rolled 112-lb. RE section rail for the planed section.

A description of these four rail sections, and in particular the manner in which the

115-lb. D. & R.G.W. and llS-lb. Study A sections were formed by planing and weld-

ing, was given in the Proviso report. The dimensions of the four rail cross sections may
be obtained by referring to Fig. 1 of the Proviso report.

Fig. 22.—View of Test House and Tangent Track Test Location.
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Fig. 23.—Arrangement of Test Gages on a Rail.

The track had been ballasted and surfaced in connection with the rail laying and

was in very good condition. Chats ballast was used, with 22 or 23 ties to the rail length.

Both locations were in a cut, and a view of the tangent track location and test house

is shown in Fig. 22. For both the tangent and curved track, the tests were planned so

that stress measurements would be made on each of the four rail sections at exactly

the same track location and over the same ties. This was considered necessary to elimi-

nate variables of rail support. In order to accomplish this, however, it was necessary

to make four series of tests on both the tangent and the curve, interchanging rails

until each of the four rails had been tested at each of the four test locations on both

the tangent and curve. Test locations were further selected so that half of the stress

measurements were made directly over the ties and half were made halfway between

ties. Of the measurements made directly over the ties, one-half were made over a

standard Burlington 8-in. by 11-in. tie plate, having a SJ^-in. flat rail seat with beveled

edges, this plate being generally similar to AREA Manual design Plan 2. The other

half of the measurements directly over the ties were made over a ly^-m. by 11-in. fiat

bottom tie plate with a i^-in. rolled crown rail seat, this plate also being similar to

AREA Manual design Plan 2. Stresses were also measured on the bottom of these two

tie plates in connection with the rail stress measurements.

The track diagram in Fig. 24 shows the general arrangement of the tests for both

the tangent and 4-deg. curve. The individual test locations are indicated by number, and

reference to this figure will be helpful in following the presentation of the test data.

Measurements Made Under Regular Train Traffic

The measurements of the stresses were made under the wheels of the regular freight

and passenger trains both eastbound and westbound. At both the tangent and 4-deg.

curve locations, the westbound trains were running downgrade, usually from 30 to SO

m.p.h. The eastbound trains were running up the grade, usually from S to 20 m.p.h.

The stress recording apparatus was turned on and recording under all the wheels

of the locomotives and tenders and under a portion of the train wheels. The deflections

were scaled from the records for each stress gage for each wheel of the locomotives and

tenders and only for the one maximum stress under the train wheels.
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'

CB&QRR Mile 192
yi/est of Lathrop, Mo.

AAR Rail Stress Tests
May -July 1944

Tangent TracH Test Locations 3°41' Curve TracH Test Locations

Fig. 24.—Test Track Locations on C.B. & Q.R.R. near Lathrop, Mo., 1944.

The passenger trains usually had either 4-6-2 or 4-4-2 type locomotives. Most of

the freight trains were pulled by 2-10-4 or 2-10-2 or 2-&-2 type locomotives. For any

given test schedule, records were usually taken under at least 10 trains before the gage

connections were changed to a new rail location.

Test Apparatus

Wire resistance gages afforded the only suitable means of measuring stresses in rail

fillets, and there was only enough equipment to take measurements with these gages at

six locations simultaneously. Equipment was available for making measurements with

carbon strip gages at 12 locations simultaneously and these gages were entirely satis-

factory for measurements on reasonably flat surfaces. The wire resistance gages had an

effective gage length of J4 in- and the carbon strip gages, Yg, in. Both of these types of

gages have relatively low output and it was necessary to use amplifiers with them to

obtain satisfactory oscillograph records. The amplifiers used for the wire resistance gages

were provided by revising the accelerometer amplifiers obtained for the locomotive
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Fig. 25 (a) .—Power Supply and Six Wire Gage Amplifiers.

counterbalance tests and described in AREA Bulletin 447, September-October 1944, page

55. The revision consisted of adding another stage of amplification. These amplifiers

are of the carrier-wave type. The carrier is rectified electronically, the rectified output

being fed into a low pass filter to remove the carrier ripple and then into the two-stage

direct-coupled amplifier that drives the galvanometer. The output is about plus or minus

10 milliamperes. A balancing voltage is applied to bring the galvanometer current to

zero or any desired value. A set of low pass filters cutting off at 10, 25 and 100 c.p.s.

is available for use with accelerometers. The addition of these filters necessitated the

rather complicated circuit but the amplifiers have worked well and have been quite

stable. The filters are very helpful in using accelerometers when it is desired to eliminate

extremes in high frequency accelerations of low amplitude that tend to obscure more

important low frequency effects. A view of these amplifiers and their power supply is

shown in Fig. 25a.

The amphfiers for the carbon strip gages were newly developed and used for the

first time in these field tests. These amplifiers were designed by H. C. Roberts, then of

the University of Illinois, and were developed and tested by the Engineering Division

research staff. The amplifiers are of a bridge-type design which provide a balance to

maintain stability and minimize drift or change of output for zero stress. The output

has been increased over that obtainable from previous equipment so that a maximum
of plus or minus 20 ma. is available for actuating the galvanometers. The output is zero

for zero stress and varies essentially in a straight line relation with change in stress

within this output range. The amplification in conjunction with a strip gage is sufficient

to deflect the galvanometer one inch for a change in stress of 5,000 lb. per sq. in. The

output is sufficient to give a maximum deflection of the galvanometer of plus or minus

five inches. The amplifiers accurately respond to frequencies much beyond the range of
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Fig. 25 (b).—Six Carbon Strip Gage Amplifiers.

the galvanometer. It was not feasible to design this type of amplifier to have sufficient

amplification for wire gages. The amplifiers performed quite satisfactorily for these tests.

A view of a set of six amplifiers and a single amplifier removed from the cabinet is

shown in Figs. 2Sb and 25c.

Recordings of the stresses under loads were done by two 12-element magnetic oscillo-

graphs, which were obtained for the locomotive counterbalance tests and are described

in AREA Bulletin 447, page 55.

All the equipment, except the oscillograph, was designed to operate on UO-volt

60-cycle current. Where necessary, regulation was provided for voltage and frequency

variation of the primary supply, which was a 2,S00-watt Homelight 2-cycle gasoline

engine generator unit. The oscillograph required 12 and 32 volts d.c. which was supplied

by 6 auto storage batteries. The use of batteries stabilized the system and prevented

excessive variations of voltage and frequency due to sudden loads from the operation

of the oscillographs. A Tungar charger was used for charging the batteries.

The entire test setup described included 18 channels with 18 amplifiers and

auxiliaries.
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Fig. 25 (c).—Close-up of an Amplifier.

Calibration of Gages

The wire gage strain factors are sufficiently uniform so that gages with the same or

similar factors can be substituted one for the other. They are specified to plus or minus

three percent accuracy. For this reason it was necessary to calibrate only the amplifiers,

together with the galvanometer of the oscillograph. This was done by using a common
gage- for all amplifiers, the gage being mounted on a high-strength, heat-treated, alloy

steel cantilever beam that could be subjected to bending stresses of desired values by

hanging a weight at various definite distances from the support. The amplifiers and

galvanometers could then be checked against this beam at any time. The cross effect on

these gages has been stated to be only one percent. Thus the values indicated are essen-

tially proportional to strain only in the direction of the gage length.

The carbon strip gages did not have uniform strain factors, so it was necessary to

apply each gage to a cantilever beam for calibration. The carbon strip gages were pro-

portioned to compensate for the Poisson ratio effect and thus are essentially stress gages

rather than strain gages. They were removed at the end of the test for check calibration,

which showed little variation from the original calibration, the maximum being about

five percent, with more common values of one percent.

Location of Gages

The rail gages on each test rail were placed at one rail cross section 13 ft. 10 in.

from one end of the rail. The gages on each rail were not disturbed during the whole

test, but merely reconnected electrically when the rail was tested in a new track location.

Strain gages were placed at positions on the rail cross section where it was expected

that high stresses might occur under the variety of loading conditions existing in track.

The results of the Proviso tests aided materially in the judicious placing of the gages
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to obtain most significant information with a minimum number of gages. At the rail

gage locations directly over the middle of the tie plates, gages were placed in the upper

and lower web fillets and at web heights of 4J/2 in. and 2 in. above the base to measure

strains in a vertical direction; along the upper outer corners of the base flanges to

measure strains in a longitudinal direction; and on the bottom of the tie plate at two

critical points of strain. At the rail gage locations halfway between ties, gages were

applied only in the upper web fillets, at a web height AYz in. above the base and along

the base flanges. It was determined in the Proviso tests that the stresses in the lower

portion of the web and lower fillets are low between ties; therefore gages were not

placed at these locations. Care was taken to attach the }/i-\n. length wire gages in all

of the rail fillets so that the middle of the measuring gage was at the mid-length of

the fillet arc.

Results of Tests on Tangent Track

In Fig. 26 are plotted the range of measured stresses in the 112-lb. RE rail for the

four track locations on the tangent. In the top half of the figure the results are plotted

for track locations 1 and 3, where the rail gages are over the middle of the flat seated

and rolled crowned tie plates, respectively. In plotting, the results at the two locations

have been distinguished by the symbols of open and black circles. In the lower half of

the figure are plotted the range of stresses for each of the two track locations where the

rail gages were located halfway between ties. The plottings for the two locations are

also distinguished by the use of different symbols. For any gage only the few highest

and lowest stresses under the individual wheels of the locomotives and tenders were

plotted to denote the range of stress that occurred at a given gage position. The average

of the three highest stress values at each gage are connected by lines between gages as

are the average of the three lowest stress values to represent the range of stress at the

various gages on the rail web. Usually records were taken under ten or more trains in

each schedule of tests. Although the stresses were measured and recorded under the indi-

vidual wheels of the locomotives and tenders, it was not practical to plot the 100 to ISO

individual wheel stresses recorded at each gage.

Figs. 27, 28 and 29 give similar measured stress values at the same four track loca-

tions for the llS-lb. D. & R.G.W. rail, the 112-lb. TR rail and the llS-lb. Study A rail,

respectively.

In Table 3 is given the same range of measured stress values for the four test rails

at each of the four tangent track locations as is contained in the figures. It is believed

that the data in this tabular form, where the values for the four rails may be directly

compared, will be of more interest to many readers. However, in some respects the figures

give a better picture of the stress distribution than it is possible to give in a table.

In Table 4 are repeated the measured stresses obtained in the Proviso tests with

controlled loading conditions for gage positions corresponding to those shown in Table 3

for the Lathrop tests. With only a few exceptions the measured stresses obtained in the

Lathrop tests in tangent track under regular traffic were somewhat lower than found

in the Proviso tests. These results may also be compared with the 4-deg. curved track

results presented later in similar tabular form.

The discussion of the results on tangent track will be somewhat brief for two
reasons: (1) The Proviso tests already discussed give more definite direct comparisons

between the four test rails because the controlled loading conditions have much less vari-

ations than do the wheel loads under traffic; and (2) the measured stresses in the curved

track have a far greater maximum range of values than for the tangent track.
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Measured Stresses in Upper Web Fillets and Upper Portion of Rail Web
With the exception of two track locations with the llS-lb. Study A rail, the upper

web fillet on the gage side of the four rails has an upper range of stress not greater

than 35,000 lb. per sq. in. compression. The 115-lb. Study A rail has maximum stress

values of —58,000 and —46,000 lb. per sq. in. at track locations 2 and 3, respectively,

the only really high stresses measured at any of the gage lines on any of the rails in the

four tangent track locations. In the upper outer web fillet, the stress values are low for

all rails at all track locations.

In gage Une 3, located on the gage side of the web at a height 4^4 in. above the

base, the upper range of the vertical web stress is 35,000 lb. per sq. in. compression. On

the opposite side of the rail webs at gage line 13 the stress range is from —22,000 to

+ 16,000 lb. per sq. in. for all the rail webs at all the track locations. The moderate

stresses recorded in the upper web fillet and upper portion of the rail web means that

the centroid of the wheel bearings on the new rail heads was, for most wheels, not far

inside the middle of the rail heads.

Measured Stresses in Lower Portion of Rail Web and Lower Web Fillets

The stresses at the gage lines on the two sides of the web 2 in. above the base at

track locations directly over the two tie plates range from —26,000 to -f 14,000 lb. per

sq. in. These values indicate the existence of only a moderate amount of lateral load

for the few individual wheels that produce these moderate values.

Stress values in the outer lower web fillet (gage 17) range only up to —27,000 lb.

per sq. in. The stresses in the lower inner fillet are higher than in the outer fillet, and

for one rail range up to —40,000 lb. per sq. in. This stress would indicate the presence

of a lateral force inward of the track at this individual wheel that could be produced

by an inward frictional force across the rail head and the tread (not the flange) of

the wheel. The direction of this lateral force is opposite in direction to the lateral force

produced in the Proviso tests by spreading the wheel gage and narrowing the track gage.

Measured Stresses in Rail Base and in Bottom of Tie Plates

The longitudinal stresses at the two upper edges of the flanges of the rail base

(gages 9-19) are normal at track locations 1, 2 and 4. At track location 3, where the

base gages are directly over the middle of the rolled crown tie plate, maximum tensile

stresses up to 30,000 lb. per sq. in. are recorded. This would indicate a small localized

"cupping" of the base flanges as sketched in Fig. 21 of the Proviso report.

The two gages placed along the bottom of the two tie plates recorded high tensile

stresses. Gage 10 on the center line of the bottom of the flat seated tie plate under the

inner edge of the rail base at track location 1 produced stresses up to -{-40,000 lb. per

sq. in. under individual wheels. At the same gage line on the rolled crown tie plate at

track location 3, stresses up to -(-63,000 lb. per sq. in. were recorded. As the maximum

stresses at the outer side of the tie plates were never above -|-30,000 lb. per sq. in., it

is evident that for the individual wheels the direction of the resultant of the maximum

wheel loads had an inward component.

Although great care was exercised in planning and conducting the tests to eliminate

variables in conditions of track support for the different rail sections, it is evident from

the test results that variables, possibly in wheel loads and positions of bearing, were so

great in these tests on tangent track that no comparison can be made of the effect of

the different designs on the stresses developed. The principal value in this series of tests

is in providing additional information on the range and frequency of stresses that may
be expected in tangent track with the 112-115-lb. rail sections and further knowledge

of the forces to which rail in tangent track are subjected.
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Fig. 26.—Range of Measured Stresses in 112-Lb. RE Rail at Four
Locations on Tangent Track.
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Fig. 27.—Range of Measured Stresses in llS-Lb. D&RGW Rail at Four
Locations on Tangent Track.
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Fig. 28.—Range of Measured Stresses in 112-Lb. TR Rail at Four
Locations on Tangent Track.
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Fig. 29.—Range of Measured Stresses in 115-Lb. Study A Rail at Four
Locations on Tangent Track.
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Results of Tests on Inner Rail of the Four-Degree Curve

The test rails were alternated in two rail positions on the inner rail of the 4-deg.

curve until each of the four test rails was tested at each of these two track locations.

The same arrangement of rail gages was used as in the tangent tests. At track location

12, the gages on the rail cross section were located halfway between ties and at loca-

tion 13 the rail gages came directly over the middle of the rolled crown tie plate. The

curve is actually 3 deg. 47 min. but for brevity it will be called a 4-deg. curve through-

out this discussion.

In Fig. 31 is plotted the range of measured stresses in the 112-lb. RE rail for the

two track locations on the inner rail of the 4-deg. curve. For any gage only the few

highest and lowest stresses under individual wheels of the locomotives and tenders are

plotted to show the range of stress that occurs at a given gage position. The average of

the three highest stresses at each gage will be considered as the upper range of stress

and this value will be used in the discussion rather than the one maximum stress value.

Lines are drawn between gage positions to denote the range of stress at the several gage

lines. Figs. 33, 35 and 37 give similar measured stress values at the same two track

locations on the inner rail of the 4-deg. curve for the other three test rails.

Table 5 is included to give a summary of the range of measured stress values for

the four test rails at the two track locations on the inner rail.

As will be seen from the above figures and table, the range of stress values at several

of the gage lines is much higher for the inner rails of the 4-deg. curve than were

recorded in either the tangent track or in the Proviso tests with controlled loading

conditions.

Measured Stresses in Upper Web Fillets and Upper Portion of Rail Web

The upper web fillet on the gage side of each of the four rails has high compres-

sive stresses. These values range from —55,000 to —90,000 lb. per sq. in. in the four rails.

The 115-lb. D. & R.G.W. and the 112-lb. TR test rails with fillet radii of 5^ in. and

a in. have an upper stress range of —55,000, and —66,000 lb. per sq. in., respectively.

The 112-lb. RE and 115-lb. Study A rails each with fillet radii of ^ in. produce stresses

of —90,000 lb. and —70,000 lb. per sq. in., respectively. In the inner upper fillet of the

112-lb. RE rail, the stress under one wheel is recorded as —98,000 lb. per sq. in., and

the record plainly shows that there was a small permanent set in this fillet immediately

after the wheel which produced this stress passed the gage. Two other wheels produced

stresses of —85,000 and —86,000 lb. per sq. in. in this same fillet and there was no indi-

cation on the records of permanent set in the steel after these wheels had passed the

gages. At the same fillet of the 115-lb. Study A rail, one wheel produced a stress of

—76,000 lb. per sq. in., but a permanent set in the steel was indicated on the record.

At gage line 3 on the gage side of the web 4^ in. above the base, the vertical

stresses in the 112-lb. RE and 112-lb. TR rails (the rails with the lesser web thickness

at this height) reached —65,000 and —58,000 lb. per sq. in. respectively. At the same

gage, the stresses reached —39,000 and —45,000 lb. per sq. in. in the llS-lb. D. & R.G.W.

and 115-lb. Study A rails, the rails with the greater web thickness of about 0.85 in.

at this height. The stresses in the outer web face of any of the rails at gages 12 and 13

were not high enough in value to cause concern, even under these extreme loading

conditions.

It is realized that the number of test runs was not sufficient to assure an applica-

tion of like loading conditions in the tests on the four rails. The long wheel base loco-

motives, running at slow speed tend to impose maximum conditions on the inner rails.
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Fig. 31.—Range of Measured Stresses in 11 2 -Lb. RE Rail at Two Locations

on Inner Rail of 4-Deg. Curve.
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Fig. 32.—^Range of Measured Stresses in 112-Lb. RE Rail at Two Locations
on Outer Rail of 4-Deg. Curve.
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Fig. 33.—Range of Measured Stresses in llS-Lb. D&RGW Rail at Two Locations

on Inner Rail of 4-Deg. Curve.
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Fig. 34.—Range of Measured Stresses in llS-Lb. D&RGW Rail at Two Locations
on Outer Rail of 4-Deg. Curve.
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Fig. 35.—Range of Measured Stresses in 112-Lb. TR Rail at Two Locations

on Inner Rail of 4-Deg. Curve.
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Fig. 36.—Range of Measured Stresses in 112-Lb. TR Rail at Two Locations
on Outer Rail of 4-Deg. Curve.
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Fig. 37.—Range of Measured Stresses in llS-Lb. Study A at Two Locations

on Inner Rail of 4-Deg. Curve.



Rail 717

Goge Side

Stress in 1,000 p si. - Inner Foce

.80 -60 -40 -20 +20 1.40

Outer Roil

4° Curve

Loc. II Rail goges over middle

ol flat tie plate

Stress - Outer Foce

-20 t20 +40 +60 +80

V

C.B.aQ.R.R- 1944
Lothrop, Mo.

Stress in 1,000 p s.i. - Inner Foce

.80 -60 -40 -20 +20

k:xio6-

Loc. 14 Rait gages t^olfway

Outer Roil A between ties

4° Curve
Stress - Outer Foce

-60 -40j -20 +20 +40 +60 +80

Fig. 38.—Range of Measured Stresses in llS-Lb. Study A at Two Locations

on Outer Rail of 4-Deg. Curve.



718 Rail

^' 5



Rail 719

iri*^

\h
jMfti £-H

fAzz
ce OM

(do
to O I

o •*

i-iQ2
M MOO -

<0 Z < PL.

O -JO

5 So <

>4C0H

ga .

M O •

E-ifc-O

M 2 fx^

> w a



720 Rail _^__

One test schedule may have included records of only one or two of these locomotives

running at low speed while another schedule may have included several of them. It has

been proved in the Proviso tests that high compressive stresses at gage lines 2 and 3 are

produced almost entirely by the application of loading near the gage corner of the rails

and that these stresses are affected to only a small extent by a high lateral load in com-

bination with the vertical wheel load.

However, even taking into consideration probable variation in loading conditions

it can be stated with certainty that the two rails with the larger upper fillet radii have

considerably lower fillet stresses than the two rails with 5^-in. fillet radii. The increase

in fillet radius is undoubtedly the major factor in the lowering of the stresses in these

fillets. The considerable thickening of the upper portion of webs of the llS-lb. D. &

R.G.W. and 115-lb. Study A rails has materially decreased the stress range at this

height as compared to the other two rails with thinner webs.

Measured Stresses in Lower Portion of Rail Web and Lower Web Fillets

The high vertical stresses at the inner web face 2 in. above the base are tension

and for one rail range up to +45,000 lb. per sq. in. directly over the crowned tie plate.

The companion high stresses in the outer web face are compression and for the same

rail range up to —52,000 lb. per sq. in. These values indicate a high bending stress at

this web section under individual wheels, which must be caused by a high lateral load

in the direction of the field side of the track.

None of the individual wheels causes high stresses in the lower inner web fillet of

the inner rail of the curve. An entirely different condition exists in the lower outer

web fillet of the inner rail directly over the rolled crown tie plate. The stress in this

fillet is always compression under all wheels and for the four test rails ranges up to

—83,000 lb. per sq. in. The highest stresses are undoubtedly produced by wheels having

a high outward lateral load. The maximum values are produced under the middle drivers

of long wheel base locomotives running at low speed, but many other wheels cause

relatively high stresses in this fillet. The dimensions of the bases of the four test rails

are identical and the lower web fillets are so nearly alike that differences in the meas-

ured stresses in the lower fillets and rail bases should not be ascribed to individuality

of rail design. The stress differences are due to variations in loading or in the support

of the rail in the track. As stated before, a rather large percentage of the wheels of the

locomotives and tenders produced high stresses in the lower outer fillets of the rails on

the inner rail of the 4-deg. curve. This lower outer fillet in the test rails at the inner

rail of the curve had a greater frequency of high stresses than were measured anywhere

else.

The position of the wheel bearing on the rail head has but little effect on the stress

in the lower outer fillet. A high lateral load in combination with the vertical load will

place all or almost all of the bearing between rail base and tie plate near the outer edge

of the rail base (see Fig. 21a). This is the predominant cause of the high stresses in the

lower outer fillet. Concentration of the reaction at the outer edge of the base bends the

whole outer flange of the rail base upward as a cantilever beam about a vertical line

somewhat inside the lower outer fillet, thus producing a high compressive stress in the

lower outer fillet and the top of the outer flange of the base. The condition is consider-

ably aggravated by the rolled crown tie plate which serves to concentrate the pressure

over a shorter longitudinal distance. Had a gage been placed at gage line 18, as in the

Proviso tests, it is probable that a compressive stress at this point on the outer base

flange would have been almost as high as the stress in the lower outer fillet.
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The stresses measured in the lower outer web fillet directly over the middle of the

rolled crown tie plate at the inner rails of this curve are, in general, fully as high as

those found in the inner upper portion of the web and upper web fillet. It is rather

unfortunate that no measurements were made over the flat seated tie plate on the inner

rail of the curve. Measurements made in the laboratory have indicated that stresses in

the lower web fillet may be as much as 75 percent greater over a rolled crown plate than

a fiat seated tie plate. It is, therefore, somewhat uncertain just how much the stresses

at this location of the rail web and lower web fillet might be lowered by using a flat

seated tie plate rather than a rolled crown plate. However, it is quite apparent from

these tests that this portion of the rail must receive adequate consideration in any studies

of rail design to obviate overstress on curved track due to high lateral loads from the

wheels, and taking into account the fact that rolled crown tie plates are being exten-

sively used.

Although high stresses in the lower web fillet on the inner rails of curves have

caused few if any failures in track, their existence must be taken into account. The high

stresses in the lower web fillet on the inner rail of curves might be reUeved to a con-

siderable extent by the use of a flat seated tie plate rather than a rolled crown tie plate.

Measured Stresses in Rail Base and in Rolled Crown Tie Plate

The longitudinal stresses along the top of the flange of the rail base (gages 9-19)

at track location 12 where the rail gages are halfway between the ties, may be con-

sidered normal. With the high lateral loads produced on the inner rail of the curve

some general lateral bending of the entire rail must occur. These values at the outer

edge of the base are never above -f 24,000 lb. per sq. in. and under the wheel producing

this stress, the companion stress at the inner edge of the base is low.

The maximum longitudinal stresses in the outer flange of the rail base at track

location 13 directly over the middle of the rolled crown tie plate, range from +45,000

to +60,000 lb. per sq. in. in the four test rails. The wheels with high lateral loads pro-

duce these stresses which are the result of the concentrated pressure between the tie

plate and the rail base creating a localized "cupping" at the outer edge of the rail base

as illustrated in Fig. 21(b).

Two gages were placed on the bottom of the rolled crown tie plate at track loca-

tion 13 on the inner rail of the curve. Gage 10 on the bottom of the tie plate under the

inner edge of the rail base recorded stresses in the direction parallel to the tie plate

length up to +28,000 lb. per sq. in. Gage 20 on the bottom of the tie plate under the

outer edge of the rail base recorded an upper range of stress values under the several

rails from +62,000 to +80,000 lb. per sq. in. As the high stresses occurred in the tie

plate under the outer edge of the rail base, a high outward lateral load must have been

combined with the vertical load. The magnitude of the stress measured in this tie plate

is surprisingly high, being considerably over the elastic hmit of the grade of steel used

in the plate. However, individual wheels of several locomotives produced stresses as

high as +80,000 lb. per sq. in. without any permanent set being shown by the gage

record after the wheel passage. The gages were calibrated for stresses of +75,000 to

—75,000 lb. per sq. in., and were check caUbrated at the conclusion of the tests, so the

measured stresses are considered to be entirely reliable. It is believed that the elastic

limit of the tie plate steel was raised by its being strained above the elastic limit and

work hardened from the trains passing over the plates before the measurements were

made. The range of measured stresses and the frequency of their occurrence for the rolled

crown and flat seated tie plates located in the tangent track and under the rails of the

4-deg. curve are shown in Assignment 12 "Study of Stresses in Tie Plates" of the current

report of the Track Committee. (See page 594)
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Results of Tests on Outer Rail of the Four-Degree Curve

There were two test locations on the outer rail of the 4-deg. curve. The test rails

were alternated until all four of the test rails had been placed at each location. The meas-

uring gages on the test rail cross section came directly over the middle of the flat seated

tie plate at track location 11 and halfway between the ties at track location 14.

In Figs. 32, 34, 36 and 38 are plotted the range of measured stresses in the four test

rails at these two track locations. The grouping of the data in these figures is the same

as has been previously described for the companion figures for the inner rail of the

curve. Table 6 gives a summary of the range of the measured stress values for the four

test rails at the two track locations on the outer rail of the curve. It is identical in form

with Tables 3, 4 and 5 so that the stresses at a given rail gage line may be readily com-

pared for the tangent and the inner and outer rails of the curved track.

From the figures and tables, it is seen that the range of stress values at several of

the gage lines on the outer rails of the curve are higher than companion values recorded

on the tangent track, but in general are not as high as companion values recorded on

the inner rails of the same curve.

Measured Stresses in Upper Web Fillets and Upper Portion of Rail Web
At the outer rail of the 4-deg. curve, the stresses in the upper web fillet on the

gage side were high or moderately high in the test rails under a few individual wheels.

The llS-lb. D. & R.G.W. and the 112-lb. TR rail with fillet radii of 5^ in. and H in.

have an upper stress range of —41,000 and —39,000 lb. per sq. in. The 112-lb. RE and

the llS-lb. Study A rails with }i in. fillet radius have an upper stress range of —65,000

and —50,000 lb. per sq. in. The increased lengths of fillet radii in the first mentioned

rails are evidently the principal cause for the reduction in fillet stress.

At the web position 4H in. above the base, the vertical stresses at the inner face

of the 112-lb. RE and 112-lb. TR rails (the rails with the lesser web thickness at this

height) range up to —55,000 and —48,000 lb. per sq. in. respectively. The other two test

rails with the greater web thickness of about 0.85 in. at this height have an upper stress

range of —35,000 and —40,000 lb. per sq. in. The thickening of the upper portion of the

webs of the 115-lb. D. & R.G.W. and 115-lb. Study A rails have materially reduced the

stresses at this location. For the 115-lb. D. & R.G.W. rail, the upper range of stress in

the upper fillet and in the upper web have almost the same values. The upper fillet

stresses are lower than the upper web stresses in the 112-lb. TR rail. The other two rails

have considerably higher upper fillet stresses than upper web stresses. Maximum stresses

at these gage positions were produced by either the front truck or first drivers of loco-

motives running at high speed around the curve. It is again stated that high stresses at

these gage positions are due almost entirely to eccentricity of loading.

Measured Stresses in Lower Portion of Rail Web and Lower Web Fillets

At the lower portion of the rail web 2 in. above the base, the gages at the two sides

of the web show a range of vertical stress from —31,000 to 4-22,000 lb. per sq. in. for

the four test rails in the outer rail of the curve. The curve was elevated 5% in., for

which the equilibrium speed is 46 m.p.h. Quite a number of the trains ran down the

grade at 50 m.p.h. or slightly above this speed.

In the lower outer web fillet (gage 17) directly over the flat seated tie plate at

track location 11, the upper range of stress for the four test rails was —43,000 lb. per

sq. in. These maximum stress values in the lower outer fillet of the outer rail are only

about one half as great as the companion maximum stresses in the inner rail. The flat
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seated tie plate unquestionably spreads the localized stresses in the lower half of the

rail farther along the rail length and thus tends to reduce the maximum stress values

in the lower portion of the rail compared to the values obtained over the rolled crown

tie plate.

The stresses in the inner lower web fillet are usually low. However, one rail has a

stress range up to —31,000 lb. per sq. in. The individual wheels that produced these

values were probably running at low speed and exerting an inward lateral force.

Measured Stresses in Rail Base and in Flat Seated Tie Plate

At track location 14 with the rail gages located halfway between ties, the longi-

tudinal stresses along the top of the inner flange of the rail base (gage 9) were never

greater than +14,000 lb. per sq. in. The stress at the companion gage in the outer edge

of the base ranged up to +29,000 lb. per sq. in. This indicates that the wheels producing

maximum stress exerted an outward lateral load and outward bending of the rail.

At track location 11 with the rail gages directly over the flat seated tie plate, the

stresses in the outer base flange range to +42,000 lb. per sq. in. in the four test rails.

These stresses while high, are considerably reduced from the maximum stresses found at

the companion location on the inner rail of the curve but directly over the rolled crown

tie plate.

None of the stresses at the two gage lines on the bottom of the flat seated tie plate

were above +30,000 lb. per sq. in. These greatly lowered stresses as compared to the

stresses in the rolled crown tie plate in the inner rail, indicate that the stress and bend-

ing moment was effectively distributed across the width of the tie plate. The lowered

stresses could also mean that this individual tie was not taking its share of the load, but

this is thought to be unUkely.

Range of Stress and Frequency of Occurrence

In Fig. 30 the range of measured stress and the frequency of occurrence are shown

for the 112-lb. RE rail at the four test locations on the tangent track. Individual stresses

measured at each gage line under all the wheels of the locomotives and tenders are

grouped into brackets of 10,000 lb. per sq. in. variation. The percentage of the stresses

falling in these several brackets of stated values is plotted in the figure for each of the

several gage locations. It will be noted that the percentages of the total values fall-

ing within the several brackets add up to 100 percent of the measured stresses. In the

tangent track there were few moderately high stresses developed in the upper web fillet

and upper portion of the rail web. For the tangent track, only the values for one test

rail are shown because the plottings for the other test rails form an almost identical

pattern.

In Figs. 39, 41, 43 and 45 the range of the measured stress and frequency of occur-

rence are shown for the four test rails in the inner rail of the 4-deg. curve. In these

figures a few very high stresses occur in the upper web fillet but their frequency of

occurrence is moderately low. However, in the outer lower web fillet high compressive

stresses were developed, and in the top of the outer flange of the rail base high tensile

stresses were developed, both having a rather high frequency of occurrence. The greatest

frequency of occurrence of high stresses at any of the gage locations was in the lower

outer fillet of the llS-lb. Study A rail on the inner rail of the 4-deg. curve (Fig. 45).

For this rail at gage 17, 52 percent of the measured stresses was greater than —45,000

lb. per sq. in.; 27 percent, greater than —55,000 lb. per sq. in.; 12 percent, greater than

—65,000 lb. per sq. in.; and 4 percent, greater than —75,000 lb. per sq. in.
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Figs. 40, 42, 44 and 46 show the range of measured stress and frequency of occur-

rence for the four test rails in the outer rail of the 4-deg. curve. In these figures, there

are a few high stresses shown but their frequency of occurrence is comparatively low.

Only at those portions of the rail cross section where high stresses show a high

frequency of occurrence will the fatigue strength of the steel be of concern.

Conclusions from Lathrop Tests

The results from the Lathrop tests serve to confirm the conclusions reached in the

Proviso tests. On the curved track, locaUzed stress distribution in the lower part of the

rail web, lower web fillet, and base flanges over the tie plate bearing, was found to be

of even more importance than was anticipated.

Stress Distribution in Upper Fillets and Upper Portion of Rail Web
Based upon the stress measurements of these tests and other tests previously re-

ported, it is evident that on tangent track, high compressive stresses are occasionally

developed in the upper portion of the rail web on the gage side, but on the opposite

side the stresses are low. These stresses are the result of eccentric loading of the rail and

on tangent track with the comparatively liberal difference between the track and wheel

gage, the point of wheel bearing is likely to strike at random at almost any position

across the width of the rail head.

On curved track, localized compressive stresses in the upper fillet and upper part of

the rail web on the gage side are higher than on tangent track and occur with much

greater frequency. This is no doubt due to the tendency of the wheel flanges to follow

closely one or the other rail in traversing the curve, thus placing the bearing close to the

gage side rather generally. For the upper fillet of the inner rail of the curve, the elastic

limit of the steel was exceeded under a few wheels. The two test rails with longer fillet

radii developed lower stresses in the upper fillet and the two test rails with the thick-

ened upper web developed lower stresses in the upper web, corresponding to the results

of the Proviso tests. Stresses were not high in the upper part of the rail web or upper

fillet on the outer side of the rail.

Localized Stress Distribution in Lower Web, Lower Fillets and Rail Base

The rail not only may receive eccentric loading from wheel bearing, but also may

receive eccentric loading from the tie support, resulting in localized stress concentration

in the lower web and base flanges. This was found to be particularly important on

curved track especially over tie plates with a rolled crown rail seat. For the inner rail

of the 4-deg. curve over the crowned tie plate, occasional compressive stresses in the

lower outer fillet of two test rails approached 85,000 lb. per sq. in., but permanent set

in the steel did not occur immediately after the passage of the wheels producing these

high stresses. High stresses occurred in this fillet rather frequently. In the lower web,

(2 in. above the base) moderately high stresses, both tension and compression, were

developed. The stresses in the lower web were much lower for the outer rail of the

curve over the flat seated tie plate.

The longitudinal tensile stress along the top outer edge of the rail base flange was

found to be surprisingly high at the inner rail of the curve over the rolled crown tie

plate for wheels combining high lateral with vertical loads.

It seems certain from the Lathrop tests that the lower portion of the rail web and

the base flanges may be highly stressed in curved track. Further study, and correlation

with the fatigue strength of the steel as determined by the laboratory tests is necessary

before final decision can be made in the design of the lower web and lower fillets. How-
ever, it is certain that no reduction should be made in the web thickness or fillet radius

at this part of the rail from that now provided in the 112 -lb. RE section.
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Appendix 12-c

Shearing Stresses in Rail

By Professor G. A. Maney, Consulting Engineer*

Introduction

Briefly, the purpose of this experimental and analytical investigation was to study

the distribution of shearing stresses in a modern rail section under wheel loads applied

centrally on the rail head and with various amounts of eccentricity. The relative impor-

tance of shearing stress and normal stress has been questioned and a comparatively

small amount of work on shearing stresses in rails under actual railroad loadings has

been done.

Data collected by the Engineering Division research staff of the Association of

American Railroads in the Chicago & North Western Proviso yard tests just west of

Chicago were combined with some laboratory rail tests made at Northwestern Univer-

sity to permit a study of shearing stress distribution. A 131-lb. RE rail was used in the

investigation here described.

The calculation of flexural shearing stresses presented no new problem, but the

measurement of the strains which not only determine these stresses, but definitely sepa-

rate torsional from flexural stresses was accomplished in this investigation. Separation

of torsional and flexural shearing stresses by a series of pairs of symmetrically located

SR-4 electric strain gage lines, placed at 4S-deg. with the vertical and %. in. long, is

described later. This technique provided a simple and practical method of separation and

also provided the experimental data on which this report is based.

Conclusions

The conclusions developed in this report will be very briefly presented here:

1. It is possible in a rail section in track with normal loadings to separate both

flexural and torsional measured shearing stresses from superimposed local and flexural

direct stresses by the proper choice of a number of pairs of 4S-deg. strain gage lines.

2. Maximum shearing stresses measured under a static 40,000-lb. wheel load in a

131-lb. RE rail were under 10,000 lb. per sq. in. and in intensity did not exceed 25

percent of normal stresses measured in the rail due to local effects.

3. Maximum torsional shearing stresses occurred in the fillet between the head and

web of the rail. These were somewhat larger than the maximum flexural shearing stresses

which, of course, occurred at the neutral axis.

4. The important torsional shearing stresses occurred only under eccentric loading.

5. Torsion applied to the rail by eccentric wheel loading is resisted almost entirely

by the head and upper portion of the rail web
;
pure torsion applied to the rail is resisted

by the entire rail section.

6. Flexural shearing stresses are not affected by eccentricity of wheel loading.

I Purpose of Investigation

The investigation had the following objectives:

1. To determine the intensity of shearing stresses in the rail section and find how
this intensity compared with intensities of normal stresses due to local load distribution

and to flexure.

Chairman of the Civil Engineering Department. Xorthwestern Tcchnolosicai Institute. Evanston, 111.
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2. To separate torsional shearing unit stresses in the rail and determine their relative

importance and intensity. This involved what seemed to be new technique in the use

of 4S-deg. gage lines for the purpose of separating torsional from flexural shearing unit

stresses.

11 Method of Measuring Shearing Stresses

Most of the stress measurements on railroad rails in practice have been made to

determine either flexural normal stresses using horizontal gage Unes or local normal

stresses with vertical gage lines. Because of the complexity of stress distribution in a

railroad rail short gage lines with high strain measuring sensitivity were necessary and

in this investigation, %-in. SR-4 electrical resistance gages were used.

Pairs of gage lines perpendicular to each other and placed at 45 deg. with normal

stress axes and in close proximity determine shearing stresses. Figs, la, lb and Ic repre-

sent three distortions of a particle under combinations of vertical and horizontal normal

stresses. It is observed that the distorted shape of the particle is still rectangular.

When a shearing force or, more specifically, a horizontal and vertical pair of equal

and opposite shearing couples are applied to a particle as in Fig. 2a, the type of trape-

zoidal distortion shown in Fig. 2b results and a pair of gage lines set at 45 deg. are used

as shown in Fig. 2c to measure the extent of this shearing distortion.

Oo) (lb) (fc)

Fig. 1.—^Non-Shearing Distortions—Heavy Line Indicates Final Shape
of Distorted Particle.

(2a) (2b) (2c)

Fig. 2.—Shearing Distortions.

/.4/4

Fig. 3.—Shear Stresses Resulting

from Normal Stresses at 45 Deg.
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Calculation of Shearing Unit Stress

Fig. 3 makes it clear that Sv =— {Si — S2) because Sw — 0-7075i — 0.7075a

2 1.414

which is the same thing. This assumes, of course, that Si and 5a are obtained by multi-

plying the unit strain measured on gage lines 1 and 2, by E, the modulus of elasticity.

Because of the Poisson's Ratio effect, this procedure is not permissible and we must first

reduce the stress readings to normal stress components. This is done in Fig. 4, and it is

found that:

5^+^ ...(a)
1 — m'

S^
^' ~ ^'

(A)
•^^ - 2 (1 + m)

Formula (a) is used to transform normal strain measurements at 90 deg. with each

other to stress measurements.

Formula (A) is used to transform normal strain measurements to shearing stress

measurements at 45 deg. with axes of normal strain measurements.

Where: 5i and 52 are calculated as (£) X (unit strain), and measured on gage lines

1 and 2.

And: m = Poisson's Ratio, used as — in these calculations.
4

Also use a compressive strain as minus in sign and a tensile strain as plus in sign.

And: 5v = resultant unit shearing stress, also S'2 is a unit normal stress.

It is evident in looking over formula (A) that when both of the 4S-deg. strains are

compressive and equal or both are tensile and equal, the non-shearing distortions of

figures lb and Ic result. When the 4S-deg. pair of strains are different in either unit

intensity or in sign, shearing stresses result.

Let 5v = Shearing stress measurements in general after they are corrected from direct

strain measurement by a function of Poisson's ratio.

Let 5 = Strain measurements of normal deformations taken in field, times "£".

Let 5' = Strain measurements corrected to stress measurements.

Let m = Poisson's ratio.

Let 5vp = Shearing unit stress due to strains measured on gage lines 1 and 2.

Then if we consider the four strain measurements Si and 5a on gage face of rail, the

following method is used to transfer strain measurements in this pair of perpendicular
directions to stresses acting in these same locations and directions:

S'l— mS'2 = 5i and similiarly 5'2— mS'i= S2

Si S2
Also 5'i—~ =— 'Z,

Si' 5 / 1 \ 5o

52 ,
Sitn 52 -f mSi . .

^''=
il — m')

"^
{l — tn') ~ (1— w')

^*^

_ 5'i— 5*3 (5i -f- »m52) — (S2-\- tnSi) Si— 52 /»•.
'^^'^—

2 2(1— w'') 2(l+m)

Fig. 4.—Transformation to Shearing Stress of a Pair of Unit Strain Measurements on
Right Angled Gage Lines at 45 Deg. to Axes of Principle Normal Stress.
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Experimental Measurement and Separation

of Torsional and Flexural Shearing Stresses

Since the rail section in practice is subjected to both torsional and flexural shearing

stresses simultaneously, the problem presented itself of devising a system of 4S-deg.

strain gage pairs that would separate them. To accomplish this result, pairs of 45-deg.

gage lines were located at several points throughout the depth on opposite sides of the

rail but otherwise identical in location.

Let 5vN = Shearing unit stress on outside or "near" side of rail.

Let 5vF = Shearing unit stress on gage or "far" side of rail.

Let 5vT = Unit stress in torsional shear.

Let 5vM == Unit stress in flexural shear.
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Fig 6.—Location of Strain Gages

on 131-Lb. RE Rail in Proviso

Tests to Measure Shearing Stresses.

(b)Side Vi€K^ (a) Cross -section \/ietv of Rail

Three principal sets of pairs of 4STdeg. strain lines, one pair horizontally across the

rail section from the other and identical in position were used. (See Fig. 6.)

1. The 1-2-11-12 combination is on opposite sides of the rail head at the mid-depth

of the side.

2. The 3^^-13-14 combination is on the curved surface of the fillet at the inter-

section of the head of rail and top of web.

3. The 5-6-15-16 combination is at the neutral axis near the mid-depth of the web.

Distribution of Flexural Shearing Stresses

Most engineers are familiar with the distribution of shearing stresses which accom-

pany the main flexure of the rail acting as a beam resisting bending. The total shear

on each side of a 40,000-lb. load concentration must approach 20,000 Ib.The maximum

value of 5vM at the neutral axis of a 131-lb. RE rail is:

20.000 20,000

5vM .4' = -(16) = 5,400
U I ^"" ~ 0.67 (88.5)

Where It = web thickness at neutral axis.

And / = moment of inertia of rail section.

Also yA' = static moment of the area above the neutral axis.

It should be noted that those shearing unit stresses are constant across any hori-

zontal hne in the cross section of the rail.

Distribution of Torsional Shearing Stresses

In extreme contrast wth this uniform distribution of flexural shearing stress across

any horizontal line in the cross section is the distribution of torsional shearing stress.

It is maximum and identical in amount at either end of this Une but passes through zero

at the mid-point of this length in the case of the two sets 1-2-11-12 and 5-6-15-16.

This is not necessarily true in the case of the set 3-4-13-14 on the opposite fillets at the

top of the web, but it is evident from the tendencies of the soap film analysis of the

cross section that pairs 3-4 and 13-14 are not only both identical numerically and oppo-

site in sense, but are at the location of^maximum torsional shearing intensity over the

whole cross section.
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Tcrsicna/ Shear "^S^t)" distribution Shearing Stress \Sy^)' Distribution

(c) Unit Stress Calculations for fylid-depth cf Sides of Rail Head

Using Oage Lines I, <?, // and 12 (See Fig. 5a) and Formulas ''C"and "D"

<~ _ &l./70-(-t/,980)J-&300-(-e.850)J _ -3 ^^n

c: - C- lJ10-(-^l. 980)]-^[-300- (-6. 850)

J

_ _,^^•^m- 4 (I -f0.25) ~ '"^^

Fig. 7.—Distribution of Shearing Torsional and Flexural Stress

Across Head of Rail.

The Mechanics of the Separation of Two Pairs of Oppositely

Located 45-Deg. Strain Readings Into Torsional and Flexural Shears

Using the two pairs of normal strain measuring gage lines 1-2 and 11-12 on oppo-

site centers of vertical sides of the rail head, the distribution of both flexural and tor-

sional shear from one pair, across the head to the other, may be seen in Figs. 7a and

7b. The flexural shear stress remains constant and the same in sense all across the section,

whereas the torsional shear stress passes through zero at the mid-point and takes on

an equal numerical value with opposite sense at the far side of the rail head.

In Figs. 7a and 7b are also indicated, in perspective at opposite faces of the rail head,

the pairs of shear couples measured by the gage lines on opposite faces, for both torsional

and flexural shears.

Fig. 7c shows a complete calculation of the final torsional and flexural and unit

shears, starting from the original strain measurements, for the set 1-2-11-12. This is

taken for the case of wheel E loadings with an eccentricity of Y^ in. and with the 40,000-

Ib. load at a point 6 in. west of the location of the gage hues. The results so obtained

for other gages and wheel loadings are shown in Figs. 8 and 9.

Ill Results of Proviso Tests

All the original direct strain measurements (times E) were reduced to final unit

shearing stresses "5vt" and "5vm" in torsion and flexure respectively, at the three loca-

tions of measurement:
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Wheel E
40,000 lb ^eriical Load

th no Lateral Load

10,0001b.

Wheel H
40. 000 lb Vertical

Load Combined tvith ^
Lateral Load

,^,J^

:

i

-I

1

A^era^e Distribution
For e-3»"—t*- For e'O"

id)

Tr

.Stresses dt "A' from L I -2-11-12

.

Stresses at '8' from C L 3-4-13-14

.Stresses at'C from OL 5-a-IS- Id)

(f)
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(h)

Distance along Rail from i/^heel Position to Cages'Inches

Fig. 8.—Graph Showing Distribution of Torsional Shearing Stresses.
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Fig. 9.—Graph Showing Distribution of Flexural Shearing Stresses.
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(a) The middle of vertical edge of the rail head.

(b) The middle of the fillet connecting the web and head.

(c) The neutral axis in the web.

Figs. 8 and 9 comprise graphical representations of the data for both wheel E and

wheel H, with and without eccentricity of load. The case where "e" = is plotted

against the case where "e" = % in. in graphs (c), (d), (e), (f), (g) and (h) of Figs.

8 and 9. Sketches (a) and (b) of these same figures show the overall distribution

tendencies.

IV Theory of Calculation of Torsional Shearing Unit Stress

In considering the resistance of a rail cross section to pure torsion, the most satis-

factory approach is to consider it as composed of three independent and non-contiguous

parts. The head, which carries the largest percentage of the torque, and the web and

the base, each of which carry smaller parts of the total, should first be visualized as

separated or cut horizontally by two longitudinal planes, one at the top and the other

at the bottom of the rail web. Most of the resisting torque can be accounted for by

the separately calculated resistance of these three separated and independent sections.

Instead of a reduction of stresses at the top and bottom of the rail web such as would

be found if it actually were cut, small areas of concentrated torsion at these locations

must now be vizualized. The torsional shear at top and bottom, instead of reducing to

comparatively small values, rapidly increases to the same value as the maximum shear

in the head at its bottom center and in the base at its top center. The effect of these

concentrations is to increase the combined total of resisting torques of the three inde-

pendent sections of the rail by some substantial increment such as 25 percent more

or less.

Study of Torsional Resistance of a

Rail Section When Subjected to Pure Torsion

This case which is definitely different from the customary method of torquing the

rail due to eccentric effect of wheel load application, is the simpler case for analysis.

It assumes the whole section under pure torque. The experimental results here used were

obtained from laboratory tests where a 4-ft. length of 131-lb. RE rail was twisted in a

standard torsion testing machine. Since this was the same section on which shearing

stresses were measured in the Proviso Yard tests at Chicago, it was reasonable to expect

these tests to yield evidence regarding not only torsional resistance, but also regarding

the amount of torque resulting from eccentric load application to the same rail section.

Stress measurements were made in the laboratory at 20 different gage lines (See

Fig. 10) for torques of 15,000 and 30,000 in.-lb. The 30,000 in.-lb. torque corresponds

to the torque developed in the Proviso tests with a wheel load of 40,000 lb. and an

eccentricity oi ^ in.

Since the gage lines were placed as in the Proviso tests so that shearing unit stresses

due to torsion could be separated from those due to flexure, and since this was a test

under pure torsional loadings, it was interesting to note the values of measured flexural

shearing unit stress. If the results were dependable, these measured values of a non-

applied flexural shearing unit stress should stay close to zero as compared with measured

values of torsional shearing stress. This was definitely found to be the case, the flexural

shearing stress so determined generally being less than 100 lb. per sq. in.
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Pure Torsional Shearing SfreSS

131-lb RE Roil under 30.000
in. lb Torque.
NtV.U Laboratory Tests

Cage lines IA to 4A on one
Side of rail. HA to I4A

on opposite Side

West
elfvatio'i

Sa\ IOn he'torn V/

Fig. 10.—Sketch Showing Plotted Distribution of

Measured Torsional Shearing Stresses in 131 -Lb. RE
Rail.

Location
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On top
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]/= !^P=0 35i> iiO. 000) = 21.100
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Shear NWU Lab = 21. 4001b
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• 20. 000

20.000 ^
3.1Sy„ = "jy" = 5.400 ps I. whereas

the measured stress = < I30 p S i.

>\ For V K' U Laboratory
'^^^r Por Proviso TrocM

Cages located 6' from load

Fig. 11.—Comparison of Transverse Flexural Shearing

Stress Between the Laboratory Tests and the Proviso Track

Tests.
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For Trach Tests at Proviso 40.0001b
vertical wheel load applied (b in along
the rail to the left of the rail gajes

For Lab Tests at HWU-
40,000 lb. vertical load.
Loading condition as
Shoivn btlotv.

Fig. 12.—Comparison of Torsional Shearing Unit

Stress Distribution Due to Eccentric Loading Between
the Laboratory Tests and Proviso Track Tests.

On top
of rail

Location of
gage lines
in laboratory

The eccentric load stresses
(light arroivs) are calculated

on the basis of an equal
distribution of the torque
'Pe"on each side of the point

of load application.

lb RE Rail

Laboratory Tests

Pure Torsion
Eccentric Load

Fig. 13.—Showing a Comparison Between Pure Torsional

Shearing Stress and Those Due to Eccentric Loading.

In this case both the pure torque and the "Pe" product
equals 30,000 in.-lb.
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V Measured Torsional Stresses For Rail in Pure Torsion Compared
With Calculated Values

In Fig. 10 is shown graphically and to scale the distribution of torsional shearing

unit stresses in a 131 -lb. RE rail under 30,000 in.-lb. pure torsion in the torsion testing

machine at Northwestern University. It will be noted that the torsional shearing stresses

are a maximum in the upper and lower fillets and a minimum near the mid-height of

the web.

In Fig. 11, the distribution of flexural shearing stresses are shown and for both

field and laboratory tests these results check calculated values and well known distribu-

tions. In both cases the maximum flexural sheer stress values occur at the neutral axis

while in all torsional shear cases the maximum stresses occur in the fillet between the

head of rail anc top uf web.

VI Measured Torsional Stresses For Rail With Eccentric Loading

In this method by which torsion is really applied to railroad rails, is found a con-

dition of torsion quite different from that of pure torsion just discussed. Most of the

torsion so induced is carried by the rail head and the upper section of the web. It seems

to be applied through a pressure variation on the ties, and the torsion in the base seems

greatly reduced as compared to that obtained in pure torsion. For some loadings the

induced base torsion seems to reverse the sense of the torsion applied through the head.

Stress measurements were also made in the laboratory with the rail subjected to

torsion from eccentric loading as shown in Fig. 12.

In this figure, the torsional shearing stresses for the case of e = iJ in., are com-
pared with the case of zero eccentricity. Fig. 13 will show a comparison of the distribu-

tion of torsional stresses in pure torsion as compared with that for the torsion of prac-

tice which is largely due to eccentric loading.

Calculations indicate that the torsional resistance of the head of rail alone is not

quite enough to account for all of the torque developed by this eccentric loading. There

is some question in the unsymmetrical loading of case A (See Fig. 12) as to how much
of the total apparent torque "Pe" appUed to rail travels in each direction and it has been

assumed that it splits up on each side of the load in the same manner as flexural shear.

Fig. 12 shows a comparison of the results of laboratory loading "A" with the Pro-

viso Yard tests. For both these cases the maximum torsional shearing stresses in the

fillets between the web and rail head were calculated on the assumption that the rail

head alone resisted all the torsion. The values were then compared with the measured

stress values and found to be roughly 25 percent greater. The conclusion here is that

although the rail head carries most of this torsion a substantial amounts is also resisted

in the lower elements of the rail section.

Fig. 13 shows a comparison between the distribution of the pure torsional shearing

stresses of the laboratory test and the torsional stresses of both Proviso Yard tests and

the laboratory tests for loading "A". This comparison shows quite clearly the difference

in the distribution, with the head carrying larger stresses relatively in the practical cases

of rail torsion due to eccentric loading.
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Appendix 12-d

Progress Report on Web Failures of Rail

By H. F. MooRE^ and R. S. Jensen"

Research Professor and Special Research Associate, respectively, in
Engineering Materials, University of Illinois.

Introduction

During the past year the subject of web failures in rails has been added to the

assignment of the investigation of wheel loads, joint bars and shelly rails now carried on
at the University of Illinois. The special project at the University of Illinois is laboratory

tests on web strength of rails.

Special Attachment to Rolling-Load Machine and
Testing Web Strength of Rails Under Repeated Loading

Figs. 1 and 2 show the attachment in the rolling-load machine for applying repeated

web stress to a length of railroad rail. The bar B shown in Fig. 1, applies eccentric load

to the rail as the rail and its supports are shoved back and forth by the connecting

rod C. As in the ordinary use of the rolling-load machine, the wheel load is measured

by the deflection of the spring W. As the rail on its carriage moves back and forth under

UWSWWWSUWNWSI
jO o I

I O o I •o Ol

Fig. 1.—Diagram of Attachment to Rolling-Load Machine for Testing

Web Strength of Rail.
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Fig. 2.—Attachment for Testing the Web Strength of Rail in Place in a

Rolling-Load Testing Machine.

the wheel, the load is alternately applied at points Pi and P2 causing alternating tension

and compression in each side of the web of the rail. The supports Ti and T2 limit the

"see-saw" motion of bar B. The stress in the rail under load is measured by electric

strain gages (SR4), these gages being cemented to the fillets and on the sides of the web
of the rail as shown on Fig. 3. After the stresses have been determined at the beginning

of the tests by the electric gages, the reading of the deflection as indicated by the

micrometer dial gages Mi and M2 is taken to represent the stress, and the reading of the

micrometers is used throughout the test. Under the high stresses developed the readings

of the SR4 gages may change with time, but their initial reading can be expressed in

terms of reading the micrometer dial gages for any given load.

The first test with this apparatus was made for the purpose of finding the effect

of length of specimen on the stress set up in the web. Obviously in a very long speci-

men, as in a full-length rail, the stress would be spread out over a greater horizontal

length of web than in the case of a short specimen, and the maximum web stress would

be lower than in a short specimen. Tests were made on specimens with a length of 6,

12 and 24 in., and the stresses set up on the side of the rail having the higher stresses

(gages SR4-1 and SR4-2 in Fig. 3) are shown in Fig. 4. In this figure it will be seen

that the stresses measured on the web well below the fillet are larger than those meas-
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Fig. 3.—Application of Load to Produce Com-
bined Compression and Bending in Web of Rail.

(112-Lb. RE).

ured at the fillet, for the six-inch specimen, but are smaller for the longer specimens.

These web stresses diminish rapidly with the length of specimen up to 24 in. and appar-

ently will diminish still further for longer specimens. The stresses at the fillet show a

less regular diminution with what seems to be an abnormally high compressive stress

in the 12 -in. specimen. As shown in Fig. 1, the rail was relieved between the points

A and B as shown in Fig. 3. The amount of eccentricity of load is shown in Fig. 3. This

eccentricity of load was based on field measurements of rail web stresses occurring in

service (see AREA Proceedings, Vol. 45, page 472). In the field measurements the maxi-

mum compressive stress in the rail web occurred on the gage side and was approximately

twice as great as the maximum tension stress which occurred on the opposite or field

side of the web. Accordingly, it was decided to start the tests with an eccentricity of

load of 1-inch towards what might be considered the "gage" side and J/^-inch towards

the "field" side.

The field measurements previously referred to showed a range of stress in the rail

web on the gage side below the fillet from a maximum of 75,000 lb. per sq. in. compres-

sion to 15,000 lb. per sq. in. tension or a ratio of maximum tension to compression of

0.20. From Fig. 4 it is seen that the corresponding ratios in the laboratory tests (gage

SR4-2) were as follows:
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6450

65,900

6550

44,600

2140

35,400

= 0.098 for the 6-in. specimen.

= 0.147 for the 12-in. specimen.

=: 0.061 for the 24-in. specimen.

These ratios are somewhat less than the ratio of 0.2 obtained in the field measure-

ments and in the future tests it might be well to increase the distance OA in Fig. 3.

Results of Tests

The results of the rolling-load tests of the three specimens are given in Table 1.

As is common in tests of repeated stress, the number of cycles to withstand failure

increase as the stress diminishes. It is not feasible to use specimens much longer than

24 in., as they have to be placed crosswise in the rolHng-load machine. Moreover, the

capacity of the machine to break the rail is evidently nearly reached on a 24-in. specimen

since the maximum wheel load is 50,000 lb. for the machine used; hence it does not

seem feasible to use longer specimens. It is proposed to make a series of tests on 6-in.

specimens using various values of wheel load and to obtain an S-N diagram for web
failure in this manner. It is also proposed to check these results by fatigue tests of

specimens c\it from the same rail as the 6-in. specimens and tested in a vibratory

fatigue machine. In all cases an attempt will be made to use a cycle of stress varying

from a maximum tension to a compressive stress twice as great. Fig. 5 shows the failure

of the 6-in. specimen. The failure starts quite close to the location of the strain gage

SR4-2 shown in Fig. 3.

> —
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MAX. STRESSES IN WEB BELOW FILLET

( SR4-2 IN FIG. 3)
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Fig. 4.—Stresses Set Up by Wheel Load of 50,000 Lb. in Specimens of Different Lengths.
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Fig. S. -Web Failure of Six-Inch Specimen Tested in Web Testing

Attachment to a Rolling-Load Testing Machine.

Table 1.

—

Results of Web Strength Tests

Length of
Specimen,
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Proposed Studies of Special Causes of

Damage to the Web Strength of Rails

There has already been started a series of fatigue tests to determine the effect of

stamped figures on the web strength of rails. Some of the specimens have stamped

figures on the web, while others do not. It is hoped by these tests to get some idea of

how much the strength of the web may be reduced by stamping at the point where

it is made.

Tests reported below of the effect of a spike maul blow against the web of a

rail at low temperature, indicate that this damage may be decidedly serious and it is

proposed to prepare 6-in. specimens of rails for rolHng-load tests of web strength and

to subject these specimens to blows of different energy, at a low temperature, probably

about at deg. These tests can be made upon a Hatt-Turner drop testing machine in

the Talbot Laboratory with a SO-lb. hammer fitted with a striking face similar to the

end of a spike maul. In connection with such rolling-load tests, fatigue tests are planned

on specimens cut from the web of the rail.

Appendix 12-e

Effect of Spike Maul Blows on Rail Webs at Low Temperatures

The discovery of horizontal cracks in the webs of 112-lb. rail on the New York,

New Haven & Hartford in April 1944 led to an investigation which resulted in the dis-

covery that such cracks could be readily produced by striking the webs with a spike

maul when the temperature of the rail was 18 deg. F. or lower. A more elaborate test

by the research engineer of the Engineering Division on pieces of rail from seven different

rail sections substantiated this finding. Reports of these tests, with a letter of transmittal

from F. R. Layng, chairman of the Engineering Division, were sent to the chief engi-

neering officers of the member roads of the Association of American Railroads on Sep-

tember 26, 1944. They were also sent to the chief operating officers with a letter from

C. H. Buford, vice-president, Operations and Maintenance Department, AAR, on

November 21, 1944.

The two reports, together with Mr. Layng's letter are reproduced below:

Association of American Railroads

Engineering Division

September 26, 1944

To Chief Engineering Officers of Member Roads:

Enclosed are two reports on a recently discovered cause of horizontal cracks in the

webs of rails, which point to the damage which may result when rails are struck with

track tools or otherwise subjected to rough handling.

During the last five years horizontal web cracks have been discovered with sufficient

frequency to be the source of some concern, but because they hav^. been noted in con-

siderable numbers only in a few locations, and repeated stress measurements under

actual service failed to disclose any excessive stresses in the region where the cracks had

occurred, no explanation for the cause of these cracks had been generally accepted.
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In April 1944 horizontal web cracks were discovered in twenty-five 112-lb. rails

within a distance of three-quarters of a mile on an important main line of the New
York, New Haven & Hartford, and because these rails had been laid during very cold

weather, it was decided to study the effect of low temperatures on the impact resistance

of the steel. Two of these rails were sent to the Bethlehem Steel Company's plant at

Steelton, Pa., where tests revealed the fact that horizontal cracks like those encountered

in service could be produced by striking the webs with a spike maul while the rail was

at low temperatures.

To verify these results an extensive series of tests was made by the research engineer

of the Engineering Division, AAR, at Northwestern Technological Institute, Evanston,

111., on seven sections of rail ranging from 90 lb. to 152 lb. per yd., and as will be noted

in the accompanying report, cracks were produced in these rails by striking them with

a spike maul at rail temperatures ranging from 25 deg. above to 13 deg. below zero.

The results of these studies point clearly to the necessity of taking such steps as will

insure that rails are not struck with spike mauls or other tools, especially during periods

of low temperature.

F. R. Layng,

Chairman.

New York, New Haven & Hartford Railroad

Split Webs in 112-Lb. Rail

Between April 10 and 15, 1944, twenty-five 112-lb. RE rails were found with split

webs in" the main track from % mile to 1 mile south of Thompsonville, Conn., on the

main line between New Haven, Conn., and Springfield, Mass. These occurred on a 1-deg.

6-min. curve and on a 1-deg. curve, and on a short piece of connecting tangent. Twenty-

four were in the southbound track of which 17 were in the low rail and 4 in the high

rail of the 1-deg. curve, 1 in the low rail of the 1-deg. 6-min. curve, and 2 in the con-

necting tangent. One was in the low rail of the northbound track.

The rail was all from one rolling, November 1942 Steelton, and was laid January

9, 1943, in Track No. 2 (northbound track) and January 21, 1943, in Track No. 1

(southbound track). The temperature at the time of laying was said by the track gang

to have been 15 deg. below zero, but the minimum temperature at Springfield, 8 miles

north of Thompsonville, was 3 deg. F. above zero on January 9 and 9 deg. above on

January 21. *

The cracks were longitudinal in the center portion of the web, from 3 to 20 in. long,

there being three cracks in each of three of the rails. All of the cracks were on the heat

number side of the web and in 19 of the rails the cracks ran through the heat

number stampings. However, where the cracks ran through the stampings they seldom

followed the lines of the figures or letters and usually crossed through the figures or

letters without reference to the indented lines. In 20 of the rails the cracks were on the

gage side and in the remaining 5 on the field side of the rail. The rails were immediately

removed. In some cases the cracks extended into the web of the rail as much as 0.8 of

the thickness of the web.

Examination in the field did not reveal the cause. The split web rails were not con-

fined to any particular heats, nor did they have any reference to the time and order

of rolling in the mill. Two pieces of rail, one with three cracks and one with two cracks,

were sent to the Steelton mill for examination, and five pieces, each containing a crack,

were examined in the laboratory of the railroad.
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Spike Maul Marks Discovered

On etching the five cracks in the New Haven laboratory, crows-foot cracks, branch-

ing upward and downward from the longitudinal crack, were found in three pieces with

some indication of a branching crack in the fourth piece ; no crows-foot crack was

brought out in the fifth piece. Directly opposite the crows-foot cracks and opposite

about the middle of the longitudinal cracks where there was no crows foot, on the other

side of the rail, were depressions in the metal; in three cases the depressions were so

slight as to be barely recognizable but in two cases there were clear marks of a spike

maul. To aid in identifying these cracks another piece of rail was hit a number of times

with both ends of a spike maul, the blows being of varying strength ; the marks left

were identical with the marks found on the pieces of rail being examined, some depres-

sions being very slight and others showing a crescent shaped mark or a full circular mark.

The two pieces of rail sent to the Steelton mill were etched in the laboratory and

crows-foot cracks were brought out near the middle of each of the longitudinal cracks.

On the other side of the web, that is on the brand side, there were depressions opposite

the crows feet; in one case the depression was a distinct imprint of a spike maul; in

another case there were marks that looked as though the side of the head and web had

been struck glancing blows by a spike maul, and in the remaining three cases there were

just slight depressions. Because the rail was laid in very cold weather some pieces of rail

sent to the mill were packed in dry ice, reducing the temperatures to from 18 deg. above

zero to 18 deg. below zero, and on removal these were struck on the web with a spike

maul producing exactly the same kind of cracked webs with crows feet opposite where

they were hit by the maul. In watching this it was very interesting to see the longi-

tudinal crack and the crows foot appear on the frosted web when struck on the opposite

side.

Conclusion of Injury by Spike Mauls Seems Justified

While it was not possible to give each of the 25 rails a similar laboratory examina-

tion, and having in mind that the pieces examined were taken at random, the conclusion

that all of these rails were damaged from spike maul blows seems justified. There is

little doubt but that the extremely cold weather when the rail was laid was a factor

in the development of the cracks but the practice of using a spike maul in handling rail

certainly must be condemned in any case. In arriving at the cause of split webs outside

of joints it is recommended that pieces of rail containing the whole crack be etched

for a considerable period and a close examination made for crows-foot cracks and depres-

sions such as might be made by a spike maul. The rail should be thoroughly cleaned

and examined for spike maul marks on the opposite side of the web from such cracks,

both before and after the etching, as in some cases in the above examination the marks

were more readily seen before etching and in others after etching.

For many years N.Y.,N.H. & H. rules have prohibited the use of spike mauls in

handling rail and efforts are constantly being made to prevent such use. Gaging tools

are supplied the track forces.

Report of AAR Tests to Determine Effect of Spike Maul Blows on
Rail Web at Low Temperatures

Arrangements were made with Northwestern Technological Institute at Evanston,

111., for use of its cold room in carrying out these tests. The tests were made in two

series, the first series including lengths of 112-RE and 131 -RE rail and the second series

including 90-RA-A, 100 RA, 105 NYC. 127 NYC and 152 P.S. The New York Central
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Fig. 1.—Rails with Webs Cracked by Spike Maul Blows.

View of side opposite to which blow was struck. Rail n2-lb. RE.

Test No. 11, temp. —13 deg. F. Test No. 10, temp. —10 deg. F.

Test No. 15, temp. —10 deg. F. Test No. 8, temp. —8 deg. I.
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Fig. 2.—Rails with Webs Cracked by Spike Maul Blows.

View of side opposite to which blow was struck. Rail 112-lb. RE.

Test No. 13, temp. deg. F. Test No. 18, temp. +4 deg. F.

Test No. 20, temp. -|-9 deg. F. Test No. 14, temp. +1,0 deg. F.
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Fig. 3.—Rails with Webs Cracked by Spike Maul Blows.

View of side opposite to which blow was struck.

Test No. 29, 112-lb. RE, temp. +16 deg. F.
Test No. 16, 112-Ib. RE, temp. +19 deg. F.
Test No. 23, 131-lb. RE, temp. —12 deg. F.

and Pennsylvania rail specimens were furnished by the respective railways. The remain-

ing specimens were obtained from the Ramapo-Ajax Chicago plant. Each rail speci-

men was cut from new unused rail to be approximately five feet in length and without

bolt holes.

In making the tests, the rails were placed in the cold room and cooled for one day

or longer with the temperatures at approximately 20 deg. F. below zero. Each specimen

of rail was then removed and struck a heavy blow on the web with a spike maul and

the opposite side of the web examined for cracks. The rails were held out of the cold

room for various lengths of time before being struck so that a range of temperature of

approximately —10-deg. to +30-deg F. was covered. Immediately after each specimen

was struck the temperature of the rail was measured with a thermocouple. In the first
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Fig. 4.—Rail with Web Cracked by Spike Maul Blow.

Polished surface of cross section.

Test No. 14, 112-lb. RE rail, temp. +10 deg. F.
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Fig. S.—Rails with Webs Cracked by Spike Maul Blows.

View of side opposite to which blow was struck.

Test No. 32, 90-lb. RA-A, temp. —8 deg. F.

Test No. 47, 100-lb. RA, temp. —5 deg. F.

Test No. 49, 100-lb. RA, temp. +6 deg. F.

Test No. 35, lOS-lb. NYC, temp. +3 deg. F.

Test No. 37, lOS-lb. NYC, temp. +20 deg. F.
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Fig. 6.—Rails with Webs Cracked by Spike Maul Blows.

View of side opposite to which blow was struck. Rail 127-lb. NYC.
Test No. 33. temp. —10 deg. F. Test No. 34, temp. deg. F.

Test No. 36, temp. +8 deg. F. Test No. 38, temp. +25 deg. F.
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Fig. 7.—Rails with Webs Cracked by Spike Maul Blows.

View of side opposite to which blow was struck. Rail lS2-lb. PS.

Test No. 39, temp. —6 deg. F. Test No. 41, temp. +11 deg. F.

Test No. 43, temp. +15 deg. F. Test No. 46, temp. +24 deg. F.
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series of tests only one blow was struck unless it hit the lower or upper fillet because

of misdirection, in which case the blow was repeated. In the second series tests, if failure

did not occur on the first blow, repeated blows were struck until failure did occur or

until five or ten blows had been struck. Generally, however, if failure did not occur at

the first blow, it was not produced by the following blows. The detailed results of each

test are shown in the tabulations. Figs. 1 to 7, inclusive, are photographs of those rails

in which the web was cracked by the spike maul blows. Fig. 4 is a cross section cut

through Specimen No. 14 and shows that the crack extends almost through the web.

The cracks were magnafluxed to make them more readily visible in all photographs

except Fig. 4.

How the Tests Were Made

A considerable number of tests were conducted on the 112-lb. RE specimens. It

will be observed that cracks were produced in the web of these specimens when struck

at temperatures from 13 deg. below to 19 deg. above zero. At the higher temperatures

within this range, all of the specimens did not crack when struck. Cracks were produced

regardless of whether the blow was struck directly opposite a stamped or rolled letter

or a plain portion of the web. Cracks were also produced in the C and D rails as well

as in the A rail. In most cases the specimen was laid on its side on the concrete floor.

The edge of the base lay flat on the concrete and a wood block one inch thick was

placed between the concrete and the ball of the rail at each end of the five-foot speci-

men. It was considered that this best simulated the support given the rail in track.

However, test No. IS was made with the rail setting upright on its base with no other

support, and it showed the same type of fracture as the specimens tested in the other

manner.

The tests made on the other rail sections were for the purpose of determining to

what extent rail design might influence the development of cracks from spike maul blows.

It will be observed that cracks were produced in one or more specimens of all rail sec-

tions included in the tests. The 90 RA-A, 100 RA, and 131 RE sections were cracked

only at the lower temperatures within the range, but this may not be significant since

only one heat of steel was represented for each rail section. In all of the rails tested, it

was noted that if the rail was squarely struck by the spike maul, no discernible maul

mark was left on the rail web.

The impact strength of rail steel is known to be greatly reduced by low temperature.

In the Progress Report on the Joint Investigation of Fissures in Railroad Rails, AREA
Proceedings, Vol. 36, 1935, page 1084, results are given of tests to determine the physical

properties of rail steel at low temperature. It was found that in general the tensile

strength, yield strength, fatigue strength and hardness of rail all increased as the tem-

perature was lowered to SO deg. below zero. On the other hand, the elongation and

reduction of area decreased as the temperature was lowered, as did also the impact

strength as measured by the Izod value for an unnotched specimen. The impact strength

so determined was only ^4 to % as much at deg. F. as it was at SO deg.

Conclusions

It may be concluded from these tests that it is entirely possible to produce cracks

in the rail web by striking the web a heavy blow when the rail is at a low temperature.

Cracks were produced irrespective of the branding, stamping, rail position in the ingot,

or rail section.
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Appendix 12-f

Reported Web Failures in Service

There had been widespread discussion and some anxiety as to the prevalence of

cracked webs, particularly in the 112-lb. RE section, so that it seemed advisable to

gather data, indicative of the extent and trend of these failures. A form was made up

and certain railroads, which were either extensive users of the 112-lb. and 131-lb. RE rail

sections, as well as roads which apparently had experienced this difficulty, were requested

to send in rather detailed reports covering every failure for a period of about 18 months.

Previous information gathered by the Rail Committee and these subsequent data form

the basis for the table on page 770.

It is evident that there are two more or less distinct types of web failures, namely,

those near the central part of the web, that is in the general vicinity of the neutral

axis, and those directly in the fillet joining head and web.

It is to be noted that the failures in the center of the web are relatively few, espe-

cially when the large mileage and length of service as well as volume of traffic, are taken

into consideration. It has been proved that spike maul blows are without doubt partially

if not entirely responsible for their development, which may be accelerated or aggravated

by such stress raisers as deep and sharp stamping, roll mill laps, scratches, or other

mechanical defects. It has also been clearly proved that these failures can not be of the

fatigue type, because all stress measurements both in the field and laboratory show

moderate values well below the endurance limit of the steel in the general zone in which

these failures have developed.

Fillet cracks or failures were not very fully covered in the data obtained, but were

sufficient to be indicative of the experience of some roads at least.Stress measurements

clearly showed the much higher values obtained in the fillets joining the head and web

—some of these being close to the probable endurance limit of the steel. Most of these

failures have been reported on the low side of curves, and in one particular case where

rails had been transposed from the high to the low side, many longitudinal cracks de-

velop. These fillet cracks certainly should be classed as fatigue failures, although in some

cases roll mill laps of a distinct type at or near the fillets have accounted for such

failures.

The committee is giving serious consideration to the problem of reducing these

stresses, if possible, by some modification in the design of the web member, particularly

in the upper portion of the web.

The data presented on web failures of both types, which admittedly are not com-

plete by any means for all roads in the country, but indicative enough, however, of the

general problem, certainly disprove the supposition which seems to be quite prevalent

in the minds of many that such failures were extensive and the cause for much concern.

These data also provide substantiative evidence that the RE sections are basically sound

so far as the web member is concerned. It is freely admitted, however, that nothing will

be left undone further to improve the design should any or all of the studies being made

warrant the recommending of changes.
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Eleventh Progress Report of the Joint Investigation of

Failures in Railroad Rails in Service

and their Prevention

Conducted by

The Engineering Experiment Station, University of Illinois

In Cooperation With

The Association of American Railroads

and

The American Iron and Steel Institute

By R. E. Cramer and R. S. Jensen
Special Research Associate Professor and Special Research Associate,

Respectively, of Engineering Materials, University of Illinois

Under the Direction of

H. F. MOORE
Research Proiessor of Engineering Materials, University of Illinois*

I Introduction

Organization of Research

This report covers two phases of research on railroad rails. The first portion deals

with the laboratory examination of failed control cooled rails to determine the cause

of failure and the second portion deals with a test track of end-hardened rails laid in

1939 on the Chesapeake &: Ohio Railway at Carey, Ohio. The work is sponsored and

financed jointly by the Association of American Railroads and the American Iron and

Steel Institute.

Advisory Committee

The sponsors of this project are represented by an advisory committee consisting

of the following:

Association of American Railroads—Committee on Rail:

W. H. Penfield, Chief Engineer, Chicago, Milwaukee, St. Paul & Pacific Railroad

(Chairman)

J. E. Armstrong, Chief Engineer, Canadian Pacific Railway

W. C. Barnes, Engineer of Tests, Rail Committee, AREA
C. B. Bronson, Inspecting Engineer, New York Central System

E. E. Chapman, Mechanical Assistant to Assistant to \'ice-President, Atchison,

Topeka & Santa Fe Railway

H. R. Clarke, Chief Engineer, Burlington Lines

G. M. Magee, Research Engineer, Engineering Division, AAR
B. R. Kulp, Chief Engineer, Chicago & North Western Railway

Louis Yager, Assistant Chief Engineer, Northern Pacific Railway

Professor Moore retired on September 1, 1944.
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American Iron and Steel Institute—Technical Committee on Rails:

L. S. Marsh, Manager, Department of Inspection and Metallurgy, Inland Steel

Company (Chairman)

F. W. Bendell, Manager, Railroad Materials and Commercial Forgings Bureau,

Chicago District, Carnegie-Illinois Steel Corporation

O. U. Cook, Assistant Manager, Department of Metallurgy, Inspection and Re-

search, Tennessee Coal, Iron & Railroad Company

J. H. Reece, Chief Inspector, Colorado Fuel & Iron Company

R. W. Steigerwalt, Manager, Railroad Materials and Commercial Forgings Bureau,

Carnegie-Illinois Steel Corporation

L. H. Winkler, Metallurgical Engineer, Bethlehem Steel Company

Acknowledgment.—The valuable services of M. C. Moore, mechanician in the Talbot

Laboratory shops, and of John Henry and Don Peterson, student assistants, who have

helped in the laboratory or field tests are acknowledged.

II Examination of Control Cooled and Brunorized Rails

Which Failed in Service

By R. E. Cramer

Last year's report^ on this subject contained a complete list of all failed control

cooled and Brunorized rails examined at the Talbot Laboratory, University of Illinois,

up to September 1943. Table 1 includes 41 rails examined from that date to September

1, 1944. These failures are summarized in Table 2.

Table 2.

—

Summary of Failures of Control Cooled .\nd Bruis'orized Rails

Tranverse fissures from blow holes 14

Split webs 11

Detail fractures from shelly spots 10

Transverse fissures in Brunorized rails (old process) 3

Shelly spots only 3

Detail fractures from wheel burn 2

Crushed head 1

Total 44

It will be seen from the above table that no transverse fissures from shatter cracks

in control cooled rails were found during the past year. When this record is compared

with the thousands of rails failing each year from shatter cracks in rails rolled before

control cooling was adopted, it is apparent that a remarkable improvement has been

achieved and due credit should be given the rail manufacturers for their conscientious

adherence to the recommended practice for control cooling.

It will also be noted that 14 transverse fissures were found which had developed

from porosity in the steel. It should be clear that the failures from this cause represent a

very small number, considering that about 2,000,000 rails are rolled each year. For this

reason it has not been felt advisable for the test party to make experiments at the mills

during the war in an endeavor to find the source of this trouble.

Figs. 1 to S, inclusive, show various examples of this type of failure. In those cases

where the fatigue crack reaches the surface of the rail so that air can enter the pores,

lAREA Proceedings, Vol. 45, 1944, pp. 489-491. Also Reprint Series No. 28, Engineering Experi-

ment Station, University of Illinois.
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(a)

(b)

Fig. 1.—Transverse Fissure from Porosity.

Lab. Failed Rail No. 373. Steelton, control cooled 131-lb. rail. Heat No.
CC89199-E-9. Rolled 3-1937. Supplied by E. E. Oviatt, chief

engineer, New York, New Haven & Hartford Railroad.

View (a) shows a photograph of the fracture as received containing a transverse

fissure covering about SO percent of the rail head which was broken out to the side oppo-
site the gage side. Close examination of this fracture shows considerable porosity around
the nucleus of the fissure.

View (b) shows the back side of a piece sawed J4 in. from the fissure. A dark hole

may be seen at approximately the same location as the nucleus of the fissure. Pieces of

the rail head from both sides of the fracture were sliced into five J^-in. slices and etched
in hot SO percent hydrochloric acid. A few additional holes were found in these slices

but none as large as the one shown on the saw cut—View (b).

This failure should be classified as a transverse fissure from porosity.
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a dark oxide scale is found in the holes. In many rails the fatigue cracks do not reach

the surface so the holes are bright and shiny and very little oxide is found in the steel

even when examined under the microscope. Etching of the slices in acid sometimes shows

a general porous condition as in Fig. 4 (b) which would not be suspected on examining

the sawed slice.

This type of failure seems to be a new discovery since the careful examination of

failed control cooled rails was started. There have probably been some failures of this

type in the past which have been classified among the many transverse fissures which

developed from shatter cracks in non-control cooled rails. Considerable thought and

discussion has taken place as to the probable cause of the porosity in these rails. It has

been observed that such defects have so far been found in rails from three of the four

rail mills in the United States which reheat their blooms, while none has been found to

date in rails from the three United States rail mills which do not reheat blooms. An

Fig. 2.—Transverse Fissure from Porosity.

Lab. Failed Rail No. 383. Inland, control cooled 131-lb. rail. Heat No. 2S922-E-11. Rolled 10-1940.
Supplied by W. M. Barr, research and standards consultant. Union Pacific Railroad.

View (a) shows the transverse fissure which covers about 65 percent of the area

of the head. It was open to the air and is oxidized dark. The nucleus of the fissure is

an irregular hole near its center.

View (b) shows an etched transverse section of the rail head near the fissure after

etching in acid. This section shows only a few very small holes.

View (c) is an etched longitudinal slice 4 in. long and 54 in. below the tread of the

rail. It shows considerable porosity and the white arrows point to fine cracks which are

other transverse fissures developing from porosity.
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(a)

(b)

Fig. 3.—Transverse Fissure from Porosity.

Lab. Failed Rail No. 377. Algoma, control cooled lOS-lb. rail. Heat No. 23977-C. Rolled 11-1940.
Supplied by H. A. Cassil, chief engineer, Pere Marquette Railway.

View (a) shows the fracture as received. The rail had been nicked with a chisel com-
pletely around the head which makes the head appear deformed in the photo. The large

dark area had been oxidized by air getting into the defect while in service. There is only

a small fatigued area around the porous area.

View (b) shows four slices cut from the short piece of rail which was received. They
show other blow holes along the side of the rail head and considerable segregation above
the web in the slices from the lower part of the rail head.

This failure should be classified as a transverse fissure from porosity.
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(a)

(b)

Fig. 4.—Transverse Fissure from Porosity.

Lab. FaUed Rail No. 374. Steelton, control cooled 131-lb. rail. Heat No. CH8S039-D-8. Rolled 2-1938.

Supplied by L. T. Nuckols, engineer maintenance of way, Chesapeake & Ohio Railway.

View (a) is a photograph of the fracture showing about an 80 percent transverse

fissure starting from a nucleus which appears porous near the center of the rail head.

View (b) shows a 6-in. slice about % in. below the tread of the rail which has been

etched in hot SO percent hydrochloric acid. It is obvious that this rail was very porous.

This failure should be classified as a transverse fissure from porosity.
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hypothesis can be advanced to show that the holes might be caused by overheating of

the blooms before they are shaped into rails. Other possible causes which have been sug-

gested are: Secondary pipe in the ingot, incomplete deoxidation of the steel, moisture

or dirt in the molds, rolling the ingots before they are completely solidified, etc. Work

is now being actively pursued on this problem at several rail mills and one cause of the

porosity has been found. In the meantime, it should be kept in mind that this is a minor

cause of rail failure, representing some deviation from standard mill practice which

occurs only about once for each 100,000 to 200,000 rails produced. This statement is

based on an annual production of two to three million tons of rails, and an average of

ten rail failures per year due to blow holes.

(a) (b)

(c)

Fig. S.—Transverse Fissure and Shelling from Porosity.

Lab. Failed Rail No. 387. Steelton, control cooled l.M-lb. rail. Heat No. 82383-B-6. Rolled 1942.

Supplied by E. E. Oviatt, chief engineer, New York, New Haven & Hartford Railroad.

View (a) shows dark porous areas around which there was a small fatigue growth.

View (b), which is another fracture about 2 ft. from Fig. (a), shows the porosity

just under the gage corner of the rail. Shelling developed above the holes and was open

to the air which entered the porous areas and oxidized them black.

View (c) is an etched slice of the head of this rail. The porosity in this rail was
continuous for a length of about 4 ft.
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A number of specimens with split web failures were sent to the laboratory for study

and the writer was asked to examine a number of others at two railroad laboratories.

In some cases the webs had been struck with a spike maul hard enough to leave a

depression on the rail webs. These maul marks are difficult to see and especially hard to

photograph; thus, in Fig. (a) and (c) drawings of the maul marks and the cracks were

(a)

(b) (c)

Fig. 6.—Web Failures from Spike Maul Blows.
Lab. Micro Rail

Fig. No. No. Mill Heat No. Steel Date Rolled Cause of Failure

a -.368 2202 Ensley 878760 CC April 1936 Spike Maul Blow
b 369 2203 Ensley 87808S OH June 193S
c 367 2201 Ensley 888513 OH Dec. 193S Spike Maul Blow

Supplied by J. G. Roney, assistant engineer, Texas & Pacific Railway.

Drawings have been made to illustrate the cracks, numbers and maul marks just
below their location, on the pictures. The arrows point to the spike maul impressions
and the deep stamped 7. The spike maul blow on the web of the rail in Fig. (a) started
the crack on the opposite side of the rail. The blow just above the top of the stamped 8
shown in Fig. (c) started the crack at the top of the 8. The crack in Fig. (b) started
along the top of the stamped 7. After small cracks have been started they spread rapidly
in service by corrosion-fatigue.



(b)

Fig. 7.—Detail Fracture from Shelly Spot.

Lab. Failed Rail No. 372. Gary, control cooled 131-lb. rail. Heat No. 43183-E-20. Rolled 4-1936.
Supplied by L. T. Nuckols, engineer maintenance of way, Chesapeake & Ohio Railway.

The rail was received unbroken. It was sawed at the indicated defect and broken
open as shown in View (a). It will be seen that it contained a large detail fracture

starting at a short horizontal crack about % in. below the gage corner of the rail. There
are two more horizontal cracks visible at the surface on the gage corner. All of the.se

cracks were open to the air and are oxidized black.

Fig. (b) shows a 6-in. length of the rail head after etching in hot 50 percent hydro-
chloric acid. The add has opened up a number of shallow cracks along the gage corner.

These cracks are not as deep as the one from which the detail fracture developed but
it is usually found that when a rail shows this condition on the surface, it may be accom-
panied by deeper shelling cracks which develop into detail fractures.

This failure should be classified as a detail fracture from shelly spot.
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(a)

(b)

Fig. S.—Detail Fracture from Heat Checks Caused by Driver Burns.

Lab. Failed Rail No. 376. Steelton, control cooled 112-lb. rail. Heat No. 821S9-G-6. Rolled 1940.
Supplied by P. O. Ferris, chief engineer, Delaware & Hudson Railroad.

View (a) is a photograph of the fracture showing a detail fracture which started

at the gage corner. It covered the complete area of the head and into the web. The
rough area on the right side of the head indicates very rapid growth over this area.

View (b) shows a 6-in. section of the rail tread adjacent to the fracture after etch-

ing in SO percent hydrochloric acid. Numerous heat checks are visible at the gage corner.

This failure should be classified as a detail fracture from heat checks caused by
driver burns.
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made on the photographs about two inches below the actual marks. The arrows in Fig. 6

indicate the origins of the split webs in Fig. 6 (b) and (c) but the crack, in (a) started

on the side opposite the maul mark. This is the usual condition and the blows are more

damaging if there is a stress raiser like a stamped or raised figure opposite the place

where the web is struck. Recent information has been developed by G. M. Magee,

research engineer of the Engineering Division, AAR, which shows that the effectiveness

of a blow on a rail web in starting a crack increases as the temperature of the rail is

lowered. It was shown that a long crack completely through the web could be made

with a spike maul blow if the temperature was below deg. F. It was also shown that

if the spike maul hits the rail web squarely, no mark will be left which can be easily

seen. In track, maul blows which start a crack probably cause a very minute crack which

spreads under the corrosion-fatigue action to which the webs are subjected in service.

In several of the rails examined the cracks had started at deeply stamped heat num-

bers as shown in Fig. 6 (b). One mill is considering a change in the shape of figures

which have horizontal straight hnes like those of the 7 and S to make these lines curved

or put them on a diagonal.

As has been the case for a number of years, there is still confusion in distinguishing

between a detail fracture from a shelly spot. Fig. 7, or a detail fracture from wheel burn,

Fig. 8, and a true transverse fissure. The operator of a detector car cannot be expected

to determine from the electrical indications where the transverse fatigue crack started,

which is the only distinction between these two types of failures and true transverse

fissures. This distinction can only be determined after the rail has been fractured. The

writer, in company with railway engineers and representatives of the detecting service,

had the privilege of examining a number of fractured rails removed from track after

flaws had been located by detector cars on two different railroads. It was the conclusion

that engineers who had not made a special study of rail failures would often improperly

classify as many as 25 to 40 percent of the failures in any group of broken rails they

were asked to examine. However, after careful study of the definitions of rail failures,

as given on AREA Form 402-A, page 4-46 of the AREA Manual, and after discussing

the distinguishing characteristics of each type of failure, the classifications made by these

same men would show marked improvement. This experience is cited to indicate the

nature and extent of the educational program which will be necessary before uniform

classification of rail failures can ever be expected on all railroads.

The writer would Uke to emphasize the importance of compiling accurate records

of all rail failures, including those in rails rolled before control cooHng was adopted, so

that it will be possible to determine what portion of the failures will be prevented by

control cooling and to ascertain if other improvements are still necessary for the most

economical use of rail for modern high speed traffic.

Ill Field Tests For Batter of End-Hardened Rails in Service on

the Chesapeake & Ohio Railway

By R. S. Jensen

Batter measurements on the end-hardened test rails on the Chesapeake & Ohio Rail-

way near Carey, Ohio, were made in May 1944 after a total of 222,575,000 tons of traffic

had passed over this track. The same procedure as in previous tests was followed in

measuring batter; that is, the profile was taken with the 48-in. batter gage; this was

plotted to scale and a 24-in. .straight edge was laid on the plotted profile curve of each
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Table 3.

—

Average Batter in Thousandths of an Inch

Traffic—Million Tons
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BATTER, THOUSANDTHS OF AN INCH

LEAVING RECEIVING

5 10 15 5 10 15

AVERAGE

5 10 15 20

PROCESS 7C

^KM JUNE 1939

AFTER 1,850,000
TONS TRAFFIC

MAY 1944

AFTER 222,575,000
TONS TRAFFIC

Fig. 9.—Comparative Batter, End-Hardened Rails. Field Test of Batter,

C. & O. Ry., Carey, Ohio.

Fig. 9 shows the comparison of batter values as of June 1939 when measurements

were first taken with the 48-in. gage, and as of May 1944 after 222.5 million tons of

traffic. Originally each process was represented by 100 joints, but during July 1942, 54

joints with large weeping cracks were rebuilt by welding and in May 1944, just before

the tests were made, 22 additional joints were rebuilt, making a total of 76 joints which

have been deleted from the averages. Of this total:

48 were Process 1, Mill B. (Induction heat-water quench)
9 were Process 10, hard, rehardened. (Graham's)
7 were Process 10, hard, not rehardened. (Graham's)
6 were Process 3, Mill I. (Water quench from rolling heat)

4 were Process 9. (Free held torch)

2 were Process 10, soft. (Graham's)

76 Total

The average joint profiles for June 1939 and May 1944 are shown in Figs. 10 and

11. Although the batter increase over last year has been small, nearly all of the joints

show a pronounced droop, the center of the joints being from 20 to 60-thousandths low

on the average, with the center of a few individual joints over 100-thousandths below
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a level condition. Both Process 6 and Process 3 joints average 60-thousandths of an

inch droop.

Many of the Process 7 (Oxweld) joints continue to show a dip which is concave

upward on the receiving rail end, practically all of these occurring at joints with a gap

that is either completely closed or open only a few thousandths of an inch.

Weeping cracks continue to increase in size; on several of the Process 1, Mill B

joints, these cracks have reached the gage corner and cracked back along the rail head.

LEAVING

24 20

ISTANCE FROM END- INCHES

8 4 4 8 1

RECEIVING

2 16 20 24
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LEAVING

24 20 16

DISTANCE FROM END -INCHES

12 8 4 4 8

RECEIVING

12 16 20 24
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2. From an examination of the batter, Table 3, it is evident that there was no out-

standing difiference in batter between air-quenched and water-quenched end-hardened

rails.

3. On the basis of the test data obtained at the Carey test track it is recommended

that an initial Brinell hardness number of 401 be regarded as the maximum hardness

which should be developed in order to avoid the probability of serious cracking in service.

Table 4.

—

Comparison of Number of Cracked Rails and Welded Joints in Carey
Test Track for the Years 1943 and 1944

Tons of traffic to May 1944—222,575,000
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ASSOCIATION OF AMERICAN RAILROADS
OPERATIONS AND MAINTENANCE DEPARTMENT

transportation building
Washington, D. C.

c. h. buford
VICE PRESIDENT

March 1, 1945

To THE Members of the AREA:

With the knowledge gained in 1943, when your Association was

compelled to abandon its annual meeting, your Board of Direction,

I am sure, can overcome any difficulty arising from the cancellation

of your plans for a meeting this year. Many other organizations are

in the same predicament.

The circumstances which required you to give up your annual

meeting without doubt resulted also in fewer committee meetings

during the last year and smaller attendance at the meetings that

were held, but it is reassuring to note that these circumstances have

not precluded the preparation and publication of valuable reports on

a variety of subjects. It is of interest to observe, also, the extent to

which the results of research work are featured in these reports and

that in several instances your committees have been able to use the

assembled data for the development of some rather specific conclu-

sions which should prove of practical value in your every day work.

Unlike some of the sections and divisions of the AAR with which

the AREA is identified, the value of your Association to the railroads

in moving the war traffic cannot be measured in terms of special

committee meetings and extraordinary measures adopted to meet

current emergencies. I am sure that the railway managements, gen-

erally, appreciate the value of your Association as an instrumentality

of the railroads in the war effort even though the service you per-

form does not differ materially from your work in normal times.

For this reason I wish to stress the importance of continuing the

work of your committees unabated in spite of the necessity for the

curtailment of meetings. With the exercise of ingenuity and per-

severance I am confident your work can be carried on without

serious loss of effectiveness.

Yours very truly,

C. H. BUFORD
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ANNUAL REPORT OF THE PRESIDENT
The American Railway Engineering Association is built around its committees, and

the work they carry on is brought to a conclusion each year when they present their

reports at the Association's annual meetings. Because of conditions imposed by the war

it has been necessary for us to forego our convention this year, thus denying our com-

mittees the opportunity to present their reports in person and receive oral comments

and criticisms thereon. For the same reason, your president cannot appear before you

for the purpose of submitting an account of his stewardship as your executive officer

during the last year and to offer his interpretation of the trend of Association affairs

during that time. As a consequence, it is necessary for me to substitute this written

statement in which I have summarized the work done and give you a brief account of

the action taken by your Board of Direction in its efforts to promote the effectiveness

and usefulness of your Association.

Nature of Service Rendered

Considered in the aggregate, only a relatively small proportion of duties of the

railway engineer is concerned with problems of an emergency nature. True, he plays an

important part in times of flood and other disasters, but on the whole the value of what

he accomplishes is measured through the years to come rather than in the immediate

present. For the same reason, the service rendered by your Association in the war effort

has been essentially different in character from that performed so efficiently by the

various other divisions and sections of the Association of American Railroads with

which the American Railway Engineering Association is so closely identified. During the

last three years, the several emergency committees organized to represent you have been

called upon at various times to act promptly in matters requiring immediate action

—

usually relating to problems arising out of the shortage of materials used in railway

tracks and structures. The allotment of rail and simplified practice in rail sections and

in tie plate design are illustrative of the kind of problems that have been presented.

However, the most important service which your Association has rendered to the

railroads, the construction industry and the armed forces is to be found in the avail-

ability of recommended practices that are both authoritative and encyclopedic in scope

in their relation to the field of the railway fixed properties. The fact that these specifica-

tions and practices which we recommend have been adopted as standard in much of

railway construction for war purposes is surely a source of satisfaction to all of us.

The usefulness of the Association during this period of intense activity is indicated

by the augmented demand for the publications, especially the Manual, and, in the case

of the railroads, by an increase in the number of applications for membership. This is

conclusive evidence of a realization on the part of both the management and men that

railway engineers profit from participation in the work of the Association as well as

from a reading of its publications. The influence of these trends on the membership and

the financial operations of the American Railway Engineering Association has been

developed at some length in the report of the Secretary and the Treasurer appearing on

other pages. It suffices to say here that your Association is doing well.

Because of the high regard with which our publications are held and of the extended

use made of them, it has seemed to your Board of Direction that our primary function

during the war, as in times of peace, is to insure the thorough reliability and practic-

ability of our recommended practices and specifications under all circumstances. In a
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few cases it was found necessary to introduce emergency specifications for the purpose

of meeting critical situations arising out of shortages of particular materials. However,

in many other cases it has been necessary to apply the reputation of your Association

and the good ofiices of those representing it in demonstrating that strict adherence to

specifications is a vital requisite in a program that will insure the continued effectiveness

of the railroads as the primary agency in war transportation.

On the whole, therefore, the American Railway Engineering Association committees

have been engaged as heretofore in the study of problems growing out of day-to-day

experiences with the properties of our railroads. However, as many of these problems

are the result of conditions brought about by the wear and tear of war traffic and the

expeditious handling of it, the committees are after all engaged in matters that have a

distinct bearing on the war effort.

In the main, the problems that are demanding the attention of the committees are

but aggravations of situations that confronted them before the advent of the heavy

war traffic, and so far as most of the committees are concerned there has been more

for them to do than ever before. Unfortunately, most of the members have been unable

to devote as much time to committee work as heretofore, either in their own studies of

the problems or in discussions of them at meetings. Fewer meetings have been held and,

with rare exceptions, the attendance has been smaller than in previous years. These cir-

cumstances are reflected in those portions of the committee reports which represent the

work of the individual members. They are both shorter and fewer in number.

The Reports Are Larger

While, therefore, the reports turned out by committee members have been cur-

tailed, actually the total volume of the reports is larger to the extent of 280 pages of

text matter in the bulletins than in 1944, because of the marked increase in the size of

the reports on research work. The decline in the activity of the committees is without

doubt a temporary condition which can be ascribed to the enormo.us burden imposed

on all railway men by measures adopted by the carriers in their efforts to handle the

heavy war traffic, but I am sure that we all look forward to a continuation of the in-

tensive work being done by the research staff of the Engineering Division and the engi-

neering materials staff of the University of Illinois, not only in conducting field investi-

gations and laboratory studies, but in preparing reports thereon. As soon as the

emergency is over, intensive committee work will without doubt be resumed.

The plan of cooperation between the Association of American Railroads and our

committees in the conduct of research work is essentially unique. The actual testing and

laboratory investigations are made by men especially qualified and trained to deal with

scientific measurements. On the other hand, we are assured that these tests will parallel

practical conditions of service by an arrangement through which the committees provide

a liaison between the scientific worker and the practical railroad man. The merits of

this plan have been thoroughly demonstrated and I am sure we will want to continue it.

Some Outstanding Reports on Research Work
As I have already stated, the work of our research organization has borne fruit in

the publication of an enormous volume of valuable information, and I wish to direct

your particular attention to the final report on Impact in Short Span Bridges which is

published in Bulletin 450 for January 1945, and to the reports of the committees on

Rail and on Track which appear in Bulletin 451 for February. Still another report of

outstanding significance is that on the Counterbalance Tests of Locomotives for High

Speed Service which was published in Bulletin 447 for September October 1044. The
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investigation therein described was carried out under auspices entirely independent of

the American Railway Engineering Association, namely, the Joint Committee on Relation

Between Track and Equipment in which both the Engineering and Mechanical divisions

of the Association of American Railroads are represented. However, the tests reported,

representing the expenditure of large sums of money over a period of four years and

embracing a far more comprehensive study of the subject of counterbalance than had

ever been attempted before, were deemed of such interest and value to our membership

that your secretary was authorized to have it printed as an American Railway Engi-

neering Association publication.

Before dismissing the subject of research I cannot refrain from an expression of

appreciation of the cooperation which the American Railway Engineering Association

has received from the Association of American Railroads in the form of increasing appro-

priations for the investigations that have been undertaken at our suggestion. Surely, this

is evidence of the confidence that has been placed in us—confidence that the projects

we propose are based on sound premises, that we will provide wise counsel and that

rational conclusions will be reached. I feel that we may be pardoned for pointing with

pride to the results of these investigations, for example to the discovery during the last

year of the cause of horizontal cracks in rail webs, which have been the occasion of no

little anxiety and some unwarranted criticism of the 112-lb. RE rail section.

Reorganization of Research Administration

It is also a matter of no little satisfaction that we have been able to effect a

reorganization of the administration of the Engineering Division research which not

only expedites procedures but enables our research engineer, Mr. G. M. Magee, to avail

himself of the advice and counsel of a committee of chief engineers with headquarters

in Chicago. This committee, composed of Mr. H. R. Clarke of the Burlington (chair-

man), Mr. W. H. Penfield of the Milwaukee, and Mr. B. R. Kulp of the North Western,

is answerable to the General Committee of the Engineering Division, but relieves the

latter of details that would consume endless time under the procedure of circular letters

and letter ballots. The reorganization of the administration of the Engineering Division's

research work was completed by action taken at the meeting of the Board of Direction

on December 6 in disbanding the American Railway Engineering Association Committee

on Research Administration. This committee, which consisted in part of members of the

Board and in part of members of the former Special Committee on Stresses in Railroad

Track, was in effect an interim committee created in 1941 when the resignation of the

late Dr. A. N. Talbot resulted in the disbanding of the Special Committee on Stresses

in Railroad Track, of which he had been chairman for 23 years. At that time it was not

certain in what direction the investigations which Dr. Talbot had been carrying on

would be directed, and it was deemed necessary to create a new committee to assist in

the transfer of the activities to the Engineering Division research staff under the super-

vision of Mr. Magee, who was then in his fifth year as research engineer. With the

appointment of the new Research Committee of the Engineering Division, the continu-

ation of the American Railway Engineering Association research committee was deemed

an unnecessary duplication.

It is with no little regret that we have noted the retirement on September 1, 1944,

of Professor H. F. Moore, who as research professor of engineering materials at the

University of Illinois, directed the cooperative investigation of the causes of the trans-

verse fissure. We are indebted to Professor Moore for the contribution he made to the

successful solution of this important project. i
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Association Policies and Procedure

Within a few years your Association can point with pride to a half century of

valuable service to the American railroads, and through these many years of active

cooperation of railway engineers in the advancement of practice in location, construc-

tion, design, maintenance and efficient operation, there has been developed a pattern of

procedure which has worked very well and has been responsible for outstanding accom-

plishments. However, we must bear in mind that no established rules of procedure can

continue unchanged in a changing world. Your Board of Direction is well aware of this,

while realizing on the other hand that we must not cast aside practices that have stood

the test of time without weighing carefully the circumstances that point to the need of

change. As evidence of the fact that the Board is willing to entertain suggestions for

revisions of its organization, procedures and policies, I wish to direct attention to the

fact that in the last two years two special committees of the Board gave generously of

their time to some pertinent proposals offered by members who have the interests of

the Association very much at heart. To date no marked changes have been made,

although I am sure there is an increasing awareness among the members of the Board

of the necessity for being constantly on the alert to search out means for insuring the

continued usefulness of the Association under constantly changing conditions.

It has long been recognized that the value of the Association is founded largely if

not entirely on the strength and industry of its committees. Therefore, your Board of

Direction has centered its attention on means of insuring a continuation of the high

caliber of the personnel of the committees. As a result of the work of Committee 24

—

Cooperative Relations with Universities, we have all become more or less conscious of

the responsibility of our Association to stress the importance of building up the per-

sonnel of the railroads through the recruiting of young men of high caliber. What we

have in mind in particular is the selection of graduates of universities of high standing.

More Younger Men
The reason for this is the growing realization that the personnel of railway engi-

neering departments now includes very few young men, a state of affairs which cannot

be dismissed as something brought about by the Selective Service Act. The real explana-

tion is to be found in the fact that the reduction in engineering department personnel

with the advent of the depression of the "thirties" virtually precluded the employment

of young men. The general effect of this condition has been apparent for some time, but

it was not until recently that attention was directed to the influence it has had on the

personnel of American Railway Engineering Association committees. Without burdening

you with statistical data on this point, I wish to report that the Board Committee on

Personnel has taken the situation under consideration and is taking steps to recruit

younger men so that they may be trained to take over leadership in our committee

work while it is still possible for them to benefit from the guidance of the many older

members who will be retired within a few years.

During the past year the Board of Direction has authorized the disbanding of three

committees, effective with the close of the Association year in March 1945. These are

the committees on Signals and Interlocking, Electricity and Standardization. So far as

the first two are concerned, it was our conclusion that the function which they have

performed in recent years, namely, that of reporting the activities of the Signal and

Electrical sections of the Engineering Division, respectively, can be handled more simply

and just as effectively through a cooperative arrangement with the two sections. Hence-

forth, instead of receiving reports prepared by these two committees we hope to have
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the benefit of papers or addresses by representatives of the respective sections of the

Association of American Railroads in these two specialized fields. It was the conclusion

that the duties of the Committee on Standardization could be taken over by the Board

of Direction or by special committees of the Board of Direction, appointed as and when

such action is necessary. In this connection I wish to point out tliat the decision to

dispense with these three committees was taken only after consultation with the mem-
bers of the committees, nearly all of whom concurred heartily in the proposal.

AREA News

As president of the Association, I have derived considerable satisfaction from the

fact that it was during my administration your Association launched the publication "of

the monthly leaflet which we have designated the "A.R.E.A. News". Responsibility for

the initiation of this new publication must be credited to the late Elmer T. Howson,

who as chairman of the Board's PubUcation committee, pointed to the advantages of

such a publication and urged that it be authorized. Starting at a time when printing is

being conducted under the disadvantages of curtailed personnel and discouraging mail

delays, the A.R.E.A. News has suffered serious handicaps. Nevertheless, I am sure it will

prove of increasing interest and value to our membership.

In closing I wish to express my appreciation of the work done by the men on our

several committees, and particularly to express my indebtedness to Secretary Lacher and

his staff who have been of invaluable assistance to me in carrying on the work of the

Association during the past year. It has been a privilege for me to work with them.

F. R. Layng,

President.



REPORT OF THE SECRETARY
March 1, 1945.

To THE Members:

The Association year ending with March 14, 1945, presented a number of striking

contrasts. It embraced an annual meeting, but was followed and preceded by years in

which no convention was held. It was marked by substantial increases in both revenues

and expenditures, by appreciable additions to the membership and by a marked increase

in the number of pages of printed matter in both the bulletins and Proceedings. There

was a substantial demand for the Association's publications, especially for the Manual

and its separate chapters.

On the other hand, the members were forced by war conditions to curtail their

participation in the Association's work. Lack of opportunity to leave their posts of duty

and difficulty in obtaining travel and hotel accommodations compelled many of the

committee members to forego attendance at the meetings, the number of which was

reduced to a minimum. In fact, several of the committees completed their reports for

the year without holding any meetings at all. On the other hand, the annual meeting

of the Association held on March 14, 15 and 16, 1944, was very well attended and in

many ways one of the most successful in the history of the Association.

To sum up the conventional record as presented under appropriate headings on

this and following pages: The accounts of the Association show an increase of revenues

over disbursements of $4,914.48; there was an increase of 42 in the number of members

bringing the total to 2,004. The committees submitted a total of 753 pages of report

material for publication, compared with 473 pages in 1943. Vol. 45 of the Proceedings

pubhshed in 1944 contained 774 pages, or 42 pages more than Vol. 44.

Membership

The membership record for the period February 15, 1944, to February 15, 1945,

was as follows:

Members on rolls as of February IS, 1944 1 ,062

New members 128

Reinstatements 12

2,102

Lost by death 43

Resigned 22

Dropped 29

Transferred from Junior to Full Member 4

2,004

Net gain 42

Membership as of February 15, 1945 2,004

The composition of the membership as of February 15, 1945, compared with that on

corresponding dates in the three previous years was as follows:

1942 1943 1944 1945

Life 168 182 ISJ 197

Member 1,466 1,496 1,485 1,515

Associate 272 249 257 259

Junior 37 38 38 33

1,943 1,965 1,962 2,004
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During the 12 months ending with February IS, 1945, the Association suffered the

loss by death of 43 members, a number that has been exceeded only once in the history

of the Association. Included among the deceased were: Elmer T. Howson, a director,

and J. G. Brennan and W. H. Kirkbride, past directors of the Association. Others

included F. W. Capp of the Portland Cement Association, who had been a valued

member of Committee 1-—Roadway and Ballast, and Committee 8—Masonry, I. L. Pyle,

chief engineer of the Chesapeake & Ohio and an active member of the Committee on

Masonry; A. E. Owen, chief engineer of the Central Railroad of New Jersey, who had

served on various committees; R. N. Begien, formerly vice-president of the Chesapeake

& Ohio, who had been an active member of the Association in earlier years; and H. L.

Ripley, at one time chairman of the Committee on Yards and Terminals, of which he

had been an active member for a great many years.

Finances

The financial statement for the calendar year of 1944, which appears on following

pages may be summarized as follows:

Receipts $31,496.83*

Disbursements 26,582.35

Excess of receipts over disbursements $ 4,914.48

* Includes credit of $956.25 from the sale of bonds.

A comJDarison with the operations in 1943 shows that the revenues were larger by

more than $1,700, but because of greater expenditures the excess of receipts over dis-

bursements remained about the same. However, as in most recent years, the "net reve-

nues" were larger than had been anticipated in the budget. The explanation, as set

forth in previous reports, is that it is necessary to make allowances for rather wide

fluctuations in the expenditures for printing, which are dependent on the volume of

material submitted for publication. There is the further fact that revenues fluctuate

markedly with the variations in the number of applications for membership and as

indicated by the report on membership, the number of applications for membership

received in 1944 was much greater than had been expected.

Comparison of Receipts and Disbursements for a Ten-Year Period

Disbursements
Receipts Normal Manual* Track Plans

1935 $29,001 $25,311 $4,799
1936 28,643 25,050 9,612

1937 36,523 23,605 8,595

1938 28,422 23,394

1939 28,189 22,969 $ 878
1940 28,272 24,000 665 1,786

1941 32,433 24,972 2,154 2,258

1942 31,500 23,235 2,505 952
1943 28,736 20,309 1,600 1,900

1944 30,492 25,334 1,200

* Outlay for loose-leaf Manual, except cost of annual supplements.

Because major expenditures for the Manual and the Trackwork Plans do not recur

annually, a much better comparison of the annual disbursements is afforded if these

items are segregated as has been done in the table. However, even with this expedient

it will be observed that the "normal" disbursements for 1944 exceeded those of 1943
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by nearly $5,000. Of this amount, $2,802.11 represents increased outlays for printing

the bulletins and the Proceedings and $1,034.05 was spent for the annual meeting in

1944 and there was no expenditure corresponding to this in 1943.

Publications

Bulletins and Proceedings

The number of text pages in the seven bulletins ending with Bulletin 451, February

1945, was 1,305, or 574 pages more than in the seven bulletins ending with the issue

of February 1944. The difference is explained by the publication during the last Asso-

ciation year of three bulletins of more than 300 pages each, including Bulletin 451,

which is the largest issue published since March 1929.

The number of pages in the committee reports appearing in Bulletins 448 to 451,

inclusive, totaled 756, compared with 478 in the reports prepared for presentation at

the annual meeting in 1944, and 616 pages a year earlier. One unfortunate feature in

the publication of the committee reports this year is the disparity in the sizes of the

bulletins in which they appeared. The grouping of the reports in the bulletins is based

on a prearranged schedule for the presentation of the reports at the annual meetings,

50 that reports presented at the same session would appear in the same bulletin. This

year the grouping produced such unsatisfactory results (the first two bulletins were too

small and the last two too large) as to point to the desirability of an extensive

rearrangement.

As the September-October 1944 bulletin was devoted exclusively to the Counter-

balance report, the monograph material for the summer bulletins had to be confined

to Bulletin 446 for June-July 1944. However, an excellent diversification of subject

matter was obtained, as indicated by the table of contents below:

Contents of Btdletin 446, June-July 1944

Conservation and Reclamation of Material for Maintenance of Way—R. P. Winton
Experience with Corrugated Rails in Australia—G. E. Cowdery
Steam Contamination by Aquaglobejection—R. W. Seniff

Index of Material on Water Service—C. R. Knowles
Preliminary Report of Committee 3—Ties

Memoir—Ralph —Norman Begien
Memoir—John Gregory Brennan
Memoir—Frank Ringer
Association News

Vol. 45 of the Proceedings (1944) contained 774 pages, or 42 pages more than

in the previous volume, but inasmuch as there was no annual meeting in 1943, the

volume for 1944 is the smallest issue covering an annual convention that has been

published in a great many years.

Manual

Further progress in the revision of the Manual is recorded in the table of annual

supplements, which shows that 131 new sheets were issued in 1944 and 109 were with-

drawn, thus producing a net increase of 22. The table also shows the total changes made
in the eight years since the loose-leaf Manual was published, which has resulted in a

net increase of 213 sheets in that time.
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The high level of the demand for the Manuals continues to an extent that is con-

stantly exceeding estimates and therefore disrupting schedules for the reprinting of the

Manual. Thus, the number of Manuals sold in 1944 was 206 or an increase of 20 percent

over the sales in 1943, whereas it had been assumed that a decline of 24 percent in the

sales in 1943 compared with 1942, could be taken as an index of the termination of the

augmented demand brought about by the war effort.

It had been assumed that the sharp rise in the demand for copies of the Manual

which followed the advent of the war effort would subside as projects for munitions

plants, army camps, naval bases and other construction induced by the war would be

completed. However, activity in this field has continued much longer than had been

anticipated, and there is now reason to believe that the demand for the Manual will

continue at a high level with the inception of projects for the reconstruction of railroads

in devastated areas. Therefore, instead of looking forward to the reprinting of the

Manual in 1947, it has been necessary to plan printing schedules for the summer of 1946

with at least some possibiUty that our present stock will be exhausted in 1945.

The rate of depletion of the stock of Manuals has been affected to no small degree

by the necessity for breaking up complete volumes to permit the sale of chapters, a

contingency which will be avoided in subsequent reprintings because experience in the

last eight years has made it possible to develop a reasonably accurate forecast of the

variations in the demand for different chapters. For example, sales of Chapter 15—Iron

and Steel Structures, since the issuance of the loose-leaf Manual, have totaled in excess

of 500 copies (exclusive of the sale of several thousand separately printed Specifications

for Steel Railway Bridges). On the other hand, there are other chapters of which less

than 20 copies have been sold in eight years.

The elimination of certain committees of the Association has led to the suggested

consolidation of several chapters in the Manual and as the result of recommendations

coming from three of the committees, the Board has approved the following changes.

Chapter 21—Economics of Railway Operation, will be consolidated with

Chapter 16—Economics of Railway Location.

The contents of Chapter 23—Shops and Locomotive Terminals, will be

divided between Chapter 6—Buildings, and Chapter 14—Yards and Terminals.

Record of Manual Supplements

New Sheets Old Sheets Net

Supplement Issued Withdraivn Increase

1937 110 69 41

• 1938 151 121 30

1939 128 95 33

1940 185 139 46

1941 148 120 28

1942 144 149 —5
1943 176 158 18

1944 131 109 22

Total 1,173 960 213

Work of the Committees

The number of committees, 25, has remained as it was a year ago. However,

effective with the close of the Association year on March 14, 1945, as the result of a

resolution of the Board of Direction on December 6, 1944, three committees will be

dispensed with, namely. Committees 10—Signals and Interlocking, 18—Electricity and

26—Standardization. The reason for taking this action is set forth in the Report of

the President.
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Thus, there will be 22 committees of which 20 will be regular (numbered) com-

mittees and 2 special committees. The fact that the 20 numbered committees include

No. 26—Standardization, affords a measure of the extent of the eliminations that have

been effected through the years by consolidation and withdrawal. In the following

tabulation of regular standing committees that have been eliminated, it will be observed

that in all but two cases arrangements were made for the continuation of the subjects

under other auspices.

Committee Date of Withdrawal Disposition

2—Ballast March 17, 1938 Consolidated with Com-
mittee 1—Roadway

10—Signals and Interlocking March 14, 1945 .... EHrainated*
12—Rules and Organization March 18, 1941 EUminated
18—Electricity March 14, 1945 Eliminated*
19—Conservation of Natural Resources. . March 17, 1921 Eliminated
21—Economics of Railway Operation... March 17, 1938 Consolidated with Com-

mittee 16—Economics of

Railway Location
23

—

Shops and Locomotive Terminals. . . March 17, 1938 Field of work divided

between Committee 6

—

Buildings, and Committee
14—Yards and Terminals

26—Standardization March 14, 1945. . . . Duties assumed by Board

:
of Direction

* Will invite chairmen of Signal Section and Electrical Section to present informal reports of the
activities of their respective sections and comments on current developments in the field wh'ch they
represent.

Inability of many members to leave their work and restrictions on traveling con-

tinued to curtail the holding of committee meetings, although 30 meetings were held

during the last year compared with 26 in the calendar year of 1943. However, the

obstacles imposed, especially difficulty of obtaining hotel accommodations, served further

. to reduce the attendance at the meetings. To sum up, 10 committees dispensed with

meetings entirely, 3 held only 1 meeting each, 9 held 2 meetings and 3 committees held

3 meetings each.

Reports were prepared by 22 of the 25 committees, there being no occasion for

reports from Committee 26—Standardization, Committee 20—Uniform General Contract

Forms and Committee 15—Iron and Steel Structures. In addition. Committee 25

—

Waterways and Harbors, and the Special Committee on Waterproofing confined their

reports to brief statements of progress.

An analysis of the output of committee reports, measured in terms of the number

of pages of material that was printed, brings out a rather remarkable contradiction.

The total number of pages of committee reports prepared for consideration at the

annual meeting which was to be held this year, totals 753 compared with 473 pages in

1944, or an increase of 280 pages. However, it is interesting to observe that of the

753 pages presented this year, 484 pages embrace reports on research work carried on

by members of the Engineering Division research staff or by the staff at the Materials

Research Laboratory, University of Illinois, leaving only 269 pages of report material

that originated with the members of the committees. These figures compare with 140

pages of material in the committee reports for the Association year ending with March

1944 that comprised data on research studies, leaving 333 pages that were prepared by

the members of committees.

A further analysis of the diversity of the material submitted in the committee

reports is shown in the tabulation below in which the reports have been grouped under
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various classifications as to subject matter. The most outstanding feature developed in

this analysis is a marked decrease in the number of subjects upon which the committees

submitted reports, 76 items compared with a minimum of 112 during the 3 previous

years. This tabulation also discloses a marked reduction in the number of items that

involve additions to or modifications of the material in the Manual. The tabulation is

deficient in one respect, namely, that it does not afford a measure of the volume of the

material offered. For example, the table shows that 12 reports were submitted on research

projects, the same as in 1944, whereas there was an increase of more than 200 pages in

the volume of research material submitted.

1942 1943 1944 1945

Revisions of the Manual—minor 6 4 6 6

Revisions of the Manual—major 12 4 6

New Manual material—minor 2 2 1

New Manual material—major 11 9 10 2

New Manual material—tentative 5 5 2 2

Information 37 41 45 2>2>

Information—^with brief conclusion for Manual 2

Reports on research work 10 11 12 12

Reports on service tests 4 4 2 4

Statistical data 6 7 5 3

New Manual material—tentative S 5 2 2

Bibliographies 3 2 3 2

Brief report of progress 17 5 IS 7

War emergency provisions and reports 13 4 4

116 112 115 76

Research Work
Research work of the Engineering Division financed by the AAR was continued on

an expanded scale and, as in previous years, a large part of it was related to the subject

assignments of AREA committees. The tabulation shows the amounts allotted for various

projects during the last two years as well as the breakdown of the budget for 1945,

which totals $138,110, or $29,452 more than in 1944.

Included in the appropriations for research in recent years have been the allotments

for the work carried on under the auspices of the Joint Committee on Relation Between

Track and Equipment, which completed the major portion of one of its primary assign-

ments during the last year. This is the investigation of the counterbalancing of locomo-

tives on which work was in progress for four years and which resulted in the publication

of two noteworthy reports.

Counterbalance Tests of Locomotives for High Speed Service, distributed by

the Engineering Division in September 1944 and published also as AREA Bulletin

447 for September-October 1944.

Supplemental Track Tests of Twelve Locomotives, September 1944,t pub-

lished and distributed only by the Engineering Division.

These two reports, embracing a total of 444 pages and including nearly 300 charts

and drawings, provide a fund of valuable information for those concerned with the

effect of locomotive co'unterbalancing on railway track.

Reference is made elsewhere in this report to the marked increase in the volume

of the reports on research work in other fields, and special mention may be made of

the report on rail as affording evidence of the amount of work being carried on by the

group employed under the direction of the research engineer and the staff in the Talbot

Laboratory at the University of Illinois.

t This pamphlet was not issued until February 1945.
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Engineering Division Allotments for Research

1943 1944 1945
Budget Budget Budget

Committee on Rail

Rail Failure Investigation $ 6,072 $ 6,500 $ 6,938

Transverse Fissure Investigation 6,000 6,000 6,000

Service Tests of Joint Bars 2,980 2,980 2,980

Rolling-Load Tests of Joint Bars 3,000 3,000 5,000

Investigation of Shelly Spots and Head Checks 7,000 7,000 7,000

Investigation of Engine Burns 1,000 1,000 2,000

Rail Design Investigation 5,000 10,000 15,000

Total $31,052 $ 36,480 $ 44,918

Committee on Track

Investigation of Stresses in Tie Plates $ 2,500 $ 4,500 $ 10,500

Bolt Tension Tests 1,500 1,500 4,500
Corrosion from Brine Drippings 1,000 1,000 1,000

Welding of Manganese Frogs 1,000 1,000 1,000

Stresses in Manganese Frogs 5,000 5,000

Rail Anchorage ; 3,000 3,000

Total $ 6,000 $ 16,000 $ 25,000

Relation Between Track and Equipment

Locomotive Counterbalancing Tests $10,000 $ 5,000 $
Rail Gage and Wheel Contour 10,000

Relation, Wheel Load—Wheel Diameter 5,000

Flat Spot Investigation 5,000

Total $30,000

Structural Projects

Impact Investigations $14,300
Fatigue Strength of Structural Welds 5,000

Total $19,300

Miscellaneous Projects

Research Office $10,090
Electrolysis Study 2,000

Roadbed Stabilization

Boiler Feedwater Study 100

Total $12,190

GRAND TOTAL $98,542

Attention is directed to the fact that the table of research projects for 1945 includes

a new item introduced at the recommendation of the Committee on Roadway and

Ballast, namely, roadbed stabilization. For the immediate future, the work under this

heading will be confined to a study of the introduction of cement grout, but it is pos-

sible that the scope of the research in this field may be expanded eventually to include

other special applications of soil mechanics to problems of the railway roadbed.

In conclusion, the secretary wishes to take this occasion to express his appreciation

of the loyalty and support of the staff during a year that imposed an unusual volume

of work.

W. S. Lacher,

Secretary,

10,000

5,000

5,000
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Beceasfeb Mtmhtvn

R. N. Begien

Retired Vice-President, Advisory, Chesapeake & Ohio Railway, Richmond, Va.

J. G. Brennan
Assistant to Vice-President, New York Central System, Washington, 6, D. C.

R. A. Brown
Division Engineer, Chicago, Rock Island & Pacific Railway, Fairbury, Nebr.

F. W. Capp

Member Structural Bureau, Portland Cement Association, Chicago, 10, 111.

J. F. Coleman

J. F. Coleman Engineering Company, Consulting Engineers, New Orleans, 12, La.

J. W. COWPER
President, John W. Cowper Company, Buffalo, 3, N. Y.

H. B. Crocker
Chemical Engineer, Dearborn Chemical Company, Mexico, D. F.

Lyman Delano
Chairman of the Board, Atlantic Coast Line Railroad, New York, 6, N. Y.

J. C. DlLWORTH
Manager of Sales, Railroad Division, Carnegie-Illinois Steel Corporation, Pittsburgh, 30, Pa

G. N. Edmondson
Retired Engineer Maintenance of Way, New York Central Railroad, White Plains, N. Y.

W. H. Elliott

Retired Signal Engineer, New York Central Railroad, Lines East, Albany, 3, N. Y.

F. E. Foss
Professor of Civil Engineering, Cooper Union, New York, 3, N. Y.

W. J. Foster
Retired Engineer of Grade Crossings, Erie Railroad, Melrose, Fla.

A. W. Galbreath
Retired Consulting Engineer, Upper Arlington, Columbus, 8, Ohio

A. J. Hammond
Consulting Engineer, Washington, 6, D. C.

R. C. Harris
Division Engineer, Canadian Pacific Railway, Calgary, Alta.

H. W. Hauerslev
Chief Draftsman, Chicago, Milwaukee, St. Paul & Pacific Railroad, Chicago, 6, 111.

E. T. HOWSON
Vice-President and Western Editor, Railway Age; Editor, Railway Engineering and

Maintenance, Chicago, 3, 111.

E. L. Ingram
Retired Professor of Railroad Engineering and Geodesy, University of Pennsylvania,

Grand View, Nyack, N. Y.

A. C. Irwin
141 South Waiola Avenue, LaGrange, 111.

E. T. Johnston
Retired Chief Draftsman, Erie Railroad, Tucson, Ariz.
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F. R. Junn

Retired Engineer of Builciinf?s, Illinois Central System, Chicago, 49, 111.

W. H. KiRKBRIDE

Retired Chief Engineer, Southern Pacific Company, San Francisco, Calif.

J. S. Lemond

Retired Assistant Chief Eng neer Maintenance of Way and Structures,

Southern Railway System, Charlotte, N. C.

E. R. Lewis

Retired Office Engineer, Michigan Central Railroad, St. Petersburg, Fla.

J. M. Long

Superintendent, Cambria & Indiana Railroad, Colver, Cambria County, Pa.

W. H. LOWTHER

Division Engineer, Union Pacific Railroad, Denver, 2, Colo.

Thomas Maney
Civil Engineer, Louisville, 2, Ky.

E. H. McDargh
Assistant Division Engineer, Baltimore & Ohio Railroad, Grafton, W. Va.

E. H. Mills

General Gas Engine Inspector, New York Central Railroad, New York, 17, N. Y.

A. E. Owen
Chief Engineer, Central Railroad of New Jersey, Jersey City, 3, N. J.

I. L. Pyle

Chief Engineer, Chesapeake & Ohio Railway, Richmond, 10, Va.

E. A. Pyles

Assistant Engineer Buildings, Baltimore & Ohio Railroad, Baltimore, 1, Md.

H. L. Ripley

Retired Contract Agent, New York, New Haven & Hartford Railroad, New York, N. Y.

L. I. Stone

Assistant Engineer, Canadian National Railways, Toronto, 2, Ont.

Raymond Swenk
AssisUnt to General Manager, Pennsylvania Railroad, Pittsburgh, 22, Pa.

L. T. Taylor

Division Engineer, Gulf, Colorado & Santa Fe Railway, Galveston, Tex.

E. P. Vroome
Branch Manager, The Howe Scale Company, New York, 11, N. Y.

H. M. Waite
Brighton Hotel, Washington, D. C.

E. P. Weatherly
President, List & Weatherly Construction Company, Kansas City, Mo.

Joseph Weidel

Retired Valuation Engineer—SysUm, Atchison, Topeka & Santa Fe Railway,

San Diego, Calif.

F. E. Williamson

Retired President, New York Central System, New York, 17. N. Y.

J. E. WiLLOUCHBY

Retired Consulting Engineer, Atlantic Coast Line Railroad, Sarasota, Fla.
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FINANCIAL STATEMENT FOR CALENDAR YEAR ENDING
DECEMBER 31, 1944

^Balance on hand January 1, 1944 $ 99,505.36

RECEIPTS
Membership Account

Entrance Fees $ 1,409.00

Dues 16,866.80

Binding Proceedings 1,272.50

Sales of Publications

Proceedings 981.70

Bulletins 1,385.55

Manuals 2,769.29

Specifications 558.10

Track Plans 1,000.25

Advertising

Publications 1,635.54

Interest Account
Interest on Investments 2,581.27

Profit from Sale of Bonds 1,005.00

Miscellaneous 31.83

Total $ 31,496.83

DISBURSEMENTS

Salaries $ 9,905.00

Proceedings 3,850.74

Bulletins 4,605.50

Stationery and Printing 886.95

Rents, Lights, etc 780.00

Supplies 98.53

Postage 597.48

Refunds, Dues, etc 66.31

Audit, Year 1943 200.00

Pension 1,200.00

Social Security Taxes 340.33

Manual Supplement 2,295.23

Track Plans 50.00

Miscellaneous 201.67

Committee and Officers Expense 92.63

Annual Meeting Expenses 1,034.05

News Letter 329.18

Total $ 26,533.60

Excess of Receipts over Disbursements $ 4,963 .23

Less Loss on Bond Exchanged 48.75

$ 4,914.48

Balance on hand December 31, 1944 $104,419.84
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REPORT OF THE TREASURER
To the Members:
Balance on hand January 1, 1944 $ 99,505.36

Receipts during 1944 $ 31,496.83
Paid out on Audited Vouchers 26,533.60
Loss on Bonds Redeemed 48.75

Excess of Receipts over Disbursements 4,914.48

Balance on hand December 31, 1944 $104,419.84
Consisting of

*Bonds at cost $ 82,520.50
Cash in Northern Trust Company Bank 21,739.81
Cash in Royal Bank of Canada 134.53
Petty Cash 25.00

$104,419.84

•Includes $6,240.00 book value of Rock Island, Arkansas & Louisiana 4J^% bonds due March 1,

1934 not paid, in default.

In the interest of consen-ative accounting it has been suggested that the assets be reduced to the
extent that these bonds be carried at a nominal value (present-day quotation).

Also includes St. L. S. W. R. R. 5% bonds, book value $1,319.31, par value $2,000.00. interest

on which has been paid in default and on which balance of July 1, 1937 coupon for $20.00 and all

of the year 1938 $100.00 was paid in 1944. Year 1939 and subsequent remains unpaid.
Bonds acquired durinz year 1944: U. S. Treasury 2^% bonds $2,000.00 purchased at par and

accrued interest of $.50. Dominion of Canada 7th Victory Loan bonds $1,500.00 purchased at $1,501.27,
Domin'on of Canada 7th V'icforv Loan bonds $1,500.00 in exchange for Dominion of Canada 1934 Re-
funding Loan bond cost $1,548.75.

The bonds covering Kansas City Terminal held at $5 295.00 book value were sold at $105 and we
realized $6,300.00 thus making a profit of $1,005.00 on this issue.

J. D. Moffat, Treasurer.

We have made an audit of the accounts of the American Railway Engineering Asso-
ciation for the year ending December 31, 1944, and find them to be in accordance with
the foregoing statements.

Carl Bick,
Paul Mitchell,

Auditors.

GENERAL BALANCE SHEET
December 31, 1944

Assets 1944 1943

Due from Members $ 595.50 $ 740.50

Due from Sales of Publications 19.05 18.85

Due from Advertising 104.00 126.00

Furniture and Fixtures 352.84 392.04

Publications on hand (estimated) 810.00 900.00
Investments (cost) '.

.

82,520.50 84,362.98

Interest on Investments (accrued) 612.66 718.63

Cash in Northern Trust Company Bank 21,739.81 14,103.10

Cash in Royal Bank of Canada 134.53 1,014.28

Petty Cash 25.00 25.00

Manuals (on hand) 1,939.00 3,346.00

Track Plans 1,613.70 2,037.00

Paper Stock 508.20

Total $110,974.79 $107,784.38

Liabilities

Members' Dues Paid in Advance $ 6,069.00 $ 6,328.50

Surplus 104,905.79 101,455.88

Total $110,974.79 $107,784.38

* Because of nature of obligation does not include estimate for B. & O. contingent note altboogh
payment of 4% was received in 1944.
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Report of the Tellers

Because a meeting of the Board of Direction on March 14, 1945, was substituted

for the annual meeting of the Association which was to have been held on March 13, 14,

and 15, it was necessary to make special provision for the canvas of the election. To

afford opportunities for the successful candidates for director to arrange for attendance

at the Board meeting, it was decided to count the ballots at the Association's head-

quarters on March 2. Following is the report of the tellers.

We, the Committee of Tellers, report the following as the result of the count of

ballots:

For President:

A. A. Miller 967

For Vice-President:*

C. J. Geyer 963

For Directors (Three to be elected)

:

F. E. Bates 475

G. A. Haggander 433

R. E. Dougherty 364

E. E. Oviatt 336

L. L. Adams 335

W. M. Wilson 324

L. P. Kimball 248

H. Austin 244

R. L. Schmid 153

For Members of Nominating Committee (Five to be elected):

J. S. McBride 672

A. B. Stone 623

H. F. King 554

R. J. Gammie 486

Edward Wise, Jr 483

F. S. Hewes 481

W. G. Nusz 416

F. J. Bishop 380

H. F. Burch 361

H. L. Restall 294

Scattering 4

Respectfully submitted.

The Committee of Tellers.

G. P. Palmer, Chairman A. G. Dorland J. de N. Macomb
E. W. Backes L. J. Hughes A. B. Pierce
R. C. Bardwell S. C. Johnson C. H. Sandberg
T. H. Beebe H. F. King R. M. Stimmel
J. C. Bradley C. R. Knowles J. P._ Walton
F. G. Campbell O. E. Mace

• Under the provisions of the constitution, Mr. J. B. Akers advances automatically from junior
vice-president to senior vice-president.



Letter Ballot on Revisions of and Additions to the Manual

On the following page is a copy of the letter ballot on the recommendations of the

committees for additions to and revisions of Manual of Recommended Practice. It ap-

pears in the form in which it was issued to the members except that the squares for

balloting have been replaced by the record of the number of votes cast for and against

each proposition. Attention is directed to the fact that the ballot did not include the

recommendation of the Committee on Water Service, Fire Protection and Sanitation,

presented on pages 48 and 49 for the adoption of a new plan for 12 -Post Timber Water

Tank Tower to replace two drawings now in the Manual. This is owing to the fact

that the Board of Direction, at a meeting held on March 14, 1Q4.'5, referred the plan

for water tank tower back to the committee for further study.

The ballot was accompanied by the following letter of transmittal:

April 2, 1945.

To AREA Members:

As the annual meeting scheduled for March 13-lS, 1945, has been cancelled, it is

necessary to resort to a letter ballot to determine the will of the membership on the

recommendations of the committees for additions to or revisions of the Manual. Accord-

ingly, this letter ballot is being sent to you. Please fill out and return it in the self-

addressed envelope.

For convenient reference the propositions on the ballot are presented in the order in

which they appear in the bulletins, beginning with Bulletin 449.

All of the material submitted by the committees for adoption was reviewed by the

Board of Direction and based on this review, supplemented by written comments re-

ceived from members, one of the reports submitted for adoption has been withheld. In

addition, a criticism of the material on track bolt tension, together with a reply by the

chairman of the subcommittee that prepared the recommendations is reproduced for

your information on pages 3 and 4.*

Members are urged to submit written comments with their ballots, setting forth

reasons for negative votes and the revisions or deletions which in their opinion are

requisites for affirmative action.

Because normal action on the manual recommendations has been precluded by the

cancelling of the annual meeting, the letter ballot has become necessary. Just how effec-

tive this substitute procedure will be depends on the loyalty, initiative and interest of

the individual members. To be counted, ballots must be in the secretary's office by

May 1, 1945.

A. A. Miller,

President.

W. S. Lacher,

Secretary.

* These comments appear in the Discussion, p. 819.

801
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Letter Ballot on Revisions of and Additions to Manual of

Recommended Practice

1945

APPROVED DISAPPROVED

Bulletin 449, December 1944

Committee 14—Yards and Terminals

Car repair facilities—revision (p. 83) 413

Committee 9—Highways

Crossing gate arm, cantilever flashing light assembly, and

automatic gate and signal assembly (pp. 112-115).. 406 1

Bulletin 450, January 1945

Committee 7—Wood Bridges and Trestles

Specifications for wood piles—^revision (p. 185) 412 8

Bulletin 451, February 1945

Committee 3—Ties

Handling ties—revision and enlargement (pp. 470-477) .

.

413 7

Committee 17—Wood Preservation

Specifications for creosote-petroleum solutions (p. 488) .

.

412 2

Committee 1—Roadway and Ballast

Metal overhead and side warning—revision (p. 514) 406 4

Committee 5—Track

Track tools—revision (pp. 523-524) 410 8

Track bolt tension practice—Conclusions (pp. 568-569) .

.

362 46

(Name of Member)

(Title and Railroad)

(Date)
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Discussion of Committee Reports

Owing to the cancellation of the Association's annual meeting which was scheduled

for March 13, 14 and IS, 1945, the discussion of the committee reports appearing on this

and the following pages consists entirely of written comments rather than the tran-

scripts of the oral remarks which were published in the Proceedings of prior years. As

this is the second time that it has been necessary to substitute written comments for oral

discussion, the procedure adopted this year was based on the experience in a similar

situation in 1943, and in general the means adopted for soliciting discussion and to in-

sure that it received adequate consideration, as well as the arrangements for its publi-

cation, were substantially the same as those adopted two years ago and which were

described in the Proceedings for 1943, Vol. 44, page 674. There was, however, one

primary difference, namely, that arrangements were made to hold- a meeting of the

Board of Direction on March 14, so that the recommendations of the Board committee

appointed to review the committee reports could receive consideration and be acted on

by the entire Board.

Attention is also directed to the general comments on the work of their committees,

submitted by a number of the chairmen at the suggestion of the secretary.

There was less discussion this year than in 1943 from the standpoint of both volume

and the number of participants, but this decrease can be explained at least in part by

the fact that the volume of material submitted by the committees for adoption and

publication in the Manual was appreciably less than it was two years ago.

Discussion on Economics of Railway Location and Operation
(For Report, see pp. 25-38.)

Chairman M. F. Mannion (Bessemer & Lake Erie) : Committee 16 was assigned

nine subjects, and submitted reports on three of them, two of which are progress reports

submitted as information, and one is a final report.

Work has progressed on the other assignments, some of the subcommittees having

made considerable progress collecting data which are about ready to be presented in

report form.

The subcommittee on Revision of Manual has undertaken an extensive review of

all Manual material, with the view of bringing it up to date. This work is now well

under way.

Much information has been collected by the subcommittee handling assignment

No. 4—Effect of higher speed on railway revenues, operating expenses, and charges to

capital account. The prospects of submitting a progress report on this assignment during

the coming year are bright.

Assignment No. 8—The general course of the cost of railway transportation and

operation over the past 100 years, the principal determining elements and the economic

significance, has been under study for several years, and the subcommittee has in its

possession a considerable volume of statistics. There remains the task of assembling and

arranging this material in report form. It is hoped that sufficient time and help can be

obtained, so that the report can be submitted during the coming year.
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Discussion on Water Service, Fire Protection, and Sanitation

(For Report, sec pp. 47-71.)

Chairman B. W. DeGeer (Great Northern) : The only recommendation concerning

Assignment 1—Revision of Manual—is that changes be made in existing plans for

timber substructures for wood water tanks, as shov/n on page 49. H. E. Silcox is

chairman of this subcommittee.

. A progress report on Assignment 2—Cause and remedy for pitting and corrosion

of locomotive boilers, tubes, and sheets, with special reference to status of embrittlement

investigation, appears on pages 48-51. Due to existing conditions little research on this

subject was carried out during the past year, but in spite of this fact, it is gratifying

to note that there is a gradual trend away from the ASME embrittlement ratios in

the literature on the subject, and toward methods for preventing this trouble that

have been advocated by railroad men for years. It is also encouraging to learn that the

ICC Bureau of Locomotive Inspection is taking a more Uberal view toward the applica-

tion of welding in locomotive boilers.

A progress report on Assignment 3—Progress being made by federal or state authori-

ties on regulations pertaining to railway sanitation, appears on pages 51-58, and is con-

fined largely to the application of the Public Health Service Drinking Water Standards,

and the Manual of Water Sanitation Practice. This is a rather lengthy report, but

because of the importance of this subject it is felt that all concerned should become

familiar with it. The portions of it concerning present regulations describing "provisional"

certification of water supplies, and new regulations concerning the sanitation of under-

ground water supplies, are especially interesting.

The report on Assignment 4—The principal current activities of the Fire Protection

and Insurance Section, AAR, brings out the fact that that section has now been

incorporated also as the Railroad Section of the National Fire Protection Association,

and also describes organizations within the armed forces that are charged with fire

protection of war materials etc. Some progress has been made toward making wood more

resistant to fire, and a special cornmittee is still working on the subject. The report is

offered as information.

Your committee has no report on Assignment 5—^Methods used for determining the

existence of electrolysis attacking underground pipe lines, including well casings, and

methods of prevention. This is the third year that an attempt to develop a report on

this subject has been unsuccessful, and it is the conclusion that insufficient trouble of this

sort is being experienced by railroads to warrant further ^tudy at this time.

A progress report on Assignment 6—Mechanics of foaming and carryover in loco-

motive boilers which appears on pages 59-64, represents a great deal of work on the

part of the subcommittee. Interesting data concerning the effect of volume rate of

evaporation and the presence of suspended matter on foaming are presented, and a

patented device for preventing foaming by mechanical means is described. The subcom-

mittee is continuing its studies, and it is hoped that additional information of value

will be available for publication next year.

The final report on Assignment 7—High speed watering facilities for streamlined

trains, on pages 64-66, is offered as information. A progress report on Assignment 8

—

Methods of taking water samples, appears on pages 66-68, and covers the general

principles that should be applied to the collection of water samples. Detailed instructions,

and information concerning special equipment used in water sampling will be developed

in a subsequent report.
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The report on Assignment 9—Means of conserving labor and material, brings out

the necessity for keeping in touch with the priority section of the purchasing department,

in order that the most readily obtainable item may be utilized to the greatest possible

extent. It also stresses the need for salvaging all possible material, and for the careful

utilization of man-hours because of the decreased number of competent workmen avail-

able etc.

G. E. Martin (Illinois Central): It is noted the committee submits a new plan

for timber sub.structures for 50,000 and 100,000-gal. capacity water tanks. The founda-

tion has been changed to eliminate the cap stone, which I believe will somewhat reduce

the cost of construction and provide as good or a better foundation. It is noted that

there has been no particular change in the bracing on the framework, however, it seems

questionable if we should continue to use this type of bracing as I do not believe it

will produce as rigid a tank as if bracing were placed between the posts, with tie rods.

The Illinois Central has used towers with both kinds of bracing and the older towers

mth bracing similar to that shown on the plan usually racked much earlier than those

with bracing between the posts, and I would recommend further consideration be given

this before it is accepted for the Manual. I note the caps have been changed from 12 by

14 in. to 14 by 16 in. for 100,000-gal. tank because the old design was of insufficient

strength. We have used two 7 by 16-in. caps over each post for many years and they

have proved satisfactory and, I believe, more desirable than one large cap over each

post. This size of timbers can be secured more easily and its use simplifies the stock

to be carried by the supply department. The 7 by 16-in. timbers for SO,000-gal. tank are

not required for strength but the amount of extra timber used does not seem to justify

carrying another size in stock.

In the report on Assignment 2—it is noted that the Department of the Interior has

changed its opinion on the prevention of pitting and corrosion to conform with recom-

mendations originally made by the AREA, and it is gratifying to note that the work

done by this committee has been beneficial to this end.

The report on foaming and carryover in locomotive boilers is very interesting and

comprehensive, indicating that considerable work has been done to secure the results

given. The committee is to be commended for the amount of work done and the

results obtained on this important question.

The report on high speed watering facilities in my opinion is valuable because it

furnishes a list showing the spacing of hydrants, the size and length of hose and the

types of nozzles actually used by various railroads for both coaches and Diesel

locomotives.

The report on methods of taking water samples is interesting and useful in that

it lists the various methods of collecting these samples. Undoubtedly the methods have

varied considerably on the different railroads and this report will aid those who care

to take advantage of a preferred method.

R. A. Van Ness (Atchison, Topeka & Santa Fe) : There is necessarily a close

relationship between the plans for water tank towers appearing in the Manual on pages

13-30 and 13-31, and the specifications for timber substructures for water tanks appear-

ing on page 13-29. Therefore, if the plans are to be replaced by a new one as sub-

mitted by the committee on page 49, it ai)pears desirable to consider the possible

necessity for a revision of the specifications also. Accordingly, I suggest the advisability

of withholding the adoption of the plan until the desirability of possible revisions in

the specifications has been carefully considered.
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In the meantime, I would like to suggest the following additions to the plan.

1. Specify washers with bolts. 2. Specify fastenings for oak subcap to cap. 3. Specify

dowel or lag screwed scabs, posts to oak subcaps. 4. The length of posts in Section AA
should be based on the use of castings; if oak subcaps are used, the length of the posts

will change. This could be covered in the "Notes". 5. I would like to inquire whether

wind load has been considered in proportioning the footings, and it is suggested that

the "Notes" should show the maximum total dead (including weight of footing), live

and wind loads per square foot on the footing areas. 6. There is some confusion as to

the meaning of the two notes reading "Use 4 in. by 16-in. joists on tanks with roadside

outlet", and "Use 4 in. by 12 -in. joists on tanks without roadside outlet."

H. E. Silcox (Chesapeake & Ohio) : I concur in Mr. Van Ness' comments No. 1, 2

and 3, but do not consider it necessary to stipulate the lengths of the posts as proposed

in his fourth suggestion.

The tower was proportioned in accordance with the design loads specified in Section

302 on Manual page 13-38.2, and my figures show that the total load on the footing

is 2,800 lb. per sq. ft. for the 100,000-gal. tank, and 2,500 lb. per sq. ft. for the

50,000-gal. tank.

I see no reason for the change in the "Notes" referred to in Mr. Van Ness'

sixth comment.

The comments submitted by Mr. Martin had been previously discussed at meetings

of the Committee on Water Service and it has been the consensus of the committee

that the simpler plank bracing shown on the plans for towers now appearing in the

Manual is preferable to the compression type bracing which he recommends. I have

yet to see a tank frame of the new design that has become racked, due to the use

of plank bracing.

In view of the comments received, and particularly Mr. Van Ness' suggestion that

the specifications also be revised, it is my suggestion that the drawing on page 49, be

referred back to the committee for further study.

Discussion on Yards and Terminals
(For Report, see pp. 73-84.)

Chairman W. J. Hedley (Wabash): Your committee on Yards and Terminals is

reporting this year on four subjects. Included among them is our usual report of Bibli-

ography on subjects pertaining to yards and terminals appearing in current periodicals.

As has been true for many years, this report is again the result of the careful and

diligent work of E. E. R. Tratman, subcommittee chairman. Mr. Tratman renders us

a real service each year in the preparation of the bibliography.

The committee is presenting a progress report on produce terminals. This report

is intended to bring our thinking up to date. It is the purpose of the committee to

continue this study and to present some material for the Manual next year.

A report on freight car repair facilities includes Manual material. This report

follows the informative report submitted last year.

On the subject Design and location of engine laundries and blow-off pits at engine

terminals, a final report is presented as information. This report contains descriptions

of the types of facilities currently being used.

C. H. Mottier (Illinois Central) : In the proposed revisions in the specifications, the

designation of 55 ft. in computing the capacity of repair tracks in paragraph 1 is open

to argument due to the prevailing tendency to build longer cars. Some repair track

foremen like to keep cars IS ft, apart in order to give ample room to get trucks
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out from under the cars, but this operation can be handled satisfactorily in 10 ft.

If a liberal spacing is allowed, I think the average center-to-center spacing of cars will

be more than SS ft. On the other hand, it may be contended that it is not necessary

to remove trucks from all cars, and certain cars can therefore be spaced closer together.

I do not recommend a change but am merely calling attention to the fact that

all may not agree on this limitation.

Another debatable point is the 18 and 24-ft. track centers in paragraph 2. I believe,

however, that the committee's recommendation of alternate 18 and 24 ft. will receive

general approval.

Discussion on Buildings

(For Report, see pp. 85-109.)

Chairman A. B. Stone (Norfolk & Western) ; Last year, Committee 6 was assigned

six subjects for study and report, and reports were submitted on four of these subjects.

However, I want to call attention to the memoir to the late Frank R. Judd, who died

March 19, 1944. This memoir appears on page 86.

The report on Assignment 2—Preparation of specifications for railway buildings,

'page 86, calls attention to the revocation by WPB, effective October 4, 1944, of the

National Emergency Specifications for the Design, Fabrication and Erection of Structural

Steel for Buildings. O. G. Wilbur is chairman of this subcommittee.

In reporting on Assignment 3—Design of shop facilities for Diesel locomotives, I

want to acknowledge the large amount of time and effort put on the preparation of

this report by N. D. Howard, chairman of the subcommittee. The report, as published

on pages 87 to 93, inclusive, includes valuable material which Mr. Howard gathered by

making trips to points considerable distances from his office. The study responsible for

this report covered a period of several years, and the report may now be considered

as final.

The report on Subject 5-—Fire-retardant coatings, is a progress report, presented

as information. I think the committee and the Association are greatly indebted to

H. M. Church, chairman of the subcommittee, for the great amount of time and effort

he has given in rendering this excellent report. I think Appendix A on page 104, show-

ing the table classifying timbers according to resistance to fire, will prove particularly

helpful to engineers in designing timber structures, or in using timbers in any structure.

Mr. Sparks, chairman of Subcommittee 6, has given excellent information in his

report on means of conserving labor and materials. This report, submitted as information,

is published on pages 105 to 109, inclusive. It makes reference to many critical materials

and substitutes therefor. The committee is indebted to Mr. Sparks for his good presenta-

tion of this subject.

Meyer Hirschthal (Delaware, Lackawanna and Western) : In the design for shop

facilities at Scranton, Pa., for Diesel locomotives, the construction of which is now
approaching completion, we selected a design for the elevated platforms which should

be of interest in connection with the report on Assignment 3. It is the girderless flat

slab (reinforced concrete) type of floor on mushroomed columns. This resulted in a six-

inch thickness of slab without any projecting beams and afforded a headroom of six

feet eight inches from the working floor below. Inasmuch as the layout of 24-ft. track

centers afforded only one bay transversely, this required a special analysis of the flat slab

design, as the regular code is based on several bays in each direction, which, however,

presents no undue difficulty. An alundum floor finish was provided to avoid a slippery

surface.
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Another change from normal facilities is the provision of crane runways instead

of jib cranes in the engine overhauling room and in the reconditioning room. These

light-capacity "Shaw" cranes provide greater flexibility of movement than do jib cranes.

H. G. Dalton (Chicago, Burlington & Quincy) : The design of shop facilities for

Diesel locomotives was carefully considered by the entire committee on the basis of

existing and proposed Diesel shop facilities and while as stated in the report it may prove

desirable in some cases to adapt existing available steam locomotive facilities to Diesel

locomotive maintenance, we have not found this applicable or practicable on the Burling-

ton. The operation of the two types of shops is so different that it is our thought that

complete separation of the steam and Diesel shops is necessary.

The report also mentions the necessity for an overhead traveling crane for handling

trucks but does not mention specifically the necessity of drop table facilities which we
feel are necessary, especially in a shop handling inspeciton, running repairs and main-

tenance, where trucks can be dropped and hoisted to an adjacent track and wheels

removed if necessary. A traveling crane, however, is essential and necessary for heavy

and light repairs. In general the article covers pretty well what the different roads in

the country have accomplished so far, but I believe the study should be continued as

further experience will develop opportunities for improvements in shops for this type

of power.

We feel that the subject of fire-retardant coatings for timber structures is well

covered in the report, but more information and research are desired. I have reference

to fire resistant paint and similar compounds for surface coating, as well as means for

impregnating timber for fire retarding properties and feel that this subject deserves

further consideration before satisfactory definite conclusions can be reached.

The conserving of labor and materials by the adaptation of substitute noncritical

materials has been given wide consideration and study during the present war emer-

gency and while the report on this subject only provides data on current progress

and requirements, the subject may well be continued to a fuller extent and more in

detail in the future from a post-war, economic standpoint.

M. F. Mannion (Bessemer & Lake Erie) : The report on Assignment 3 is very timely

and merits the consideration of those roads now using or contemplating the use of

Diesel locomotives.

One of the features of the Diesel locomotive, which has been stressed, is its greater

availability. As the initial cost of this type of motive power is much higher than that

of steam, each additional hour it is in actual service will pay large dividends.

One way to accomplish greater use is to reduce shopping hours to a minimum.

The report on Assignment 7 of Committee 16, beginning on page 31, Proceedings Vol. 45,

1944, shows that during the years 1941 and 1942 freight traffic on the railroads was

practically double that at the low ebb of 1938. During intervening period the number

of locomotives actually decreased, notwithstanding the fact that the traffic had practically

doubled. The reduction of time spent in shops contributed to this record-breaking

performance, when freight locomotives were utilized approximately 40 percent of the

time.

The time the mechanical department will need to perform the necessary servicing

and repairs for Diesel locomotives depends upon the adequacy and design of the shop

layout. The report on Assignment 3 points out many pertinent features in connection

with the proper shop facilities for Diesel locomotives. The fact that the use of this

type of motive power is rapidly increasing, especially in freight service, enhances its

value.
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Discussion on Highways
(For Report, see pp. 111-116)

C. H. Blackman (Louisville & Nashville) ; I wish to direct attention to the fact that

there is nothing on the drawing of the cantilever highway crossing flashing light signal

assembly to indicate that this is a very special type of signal not recommended for use

generally, but is to be applied only at locations where the standard flashing light signal

on the curb cannot be observed.

As a matter of fact this signal set out over the roadway is so high that it ordinarily

would hardly be seen by an automobilist driving at high speed.

Discussion on Economics of Railway Labor

(For Report, see pp. 117-124.)

W. S. McFetridge (Bessemer & Lake Erie) : The report on Assignment 6 is a

particularly useful one at this time. The questions as to bridge floors and their main-

tenance costs are important.

The reasons for the use of ballasted decks on bridges are well set forth, and the

last one as to the need for less labor in work at the approaches is particularly so.

The conclusions are valuable information and cover the general subject very well.

I would like, however, to offer some thoughts on "replacement costs". These depend

very largely on local conditions and the kind of structure considered, whether of timber

or steel. As an example, short span steel bridges of girders or beams may be built with

a lightweight steel and concrete deck with ballasted track at a comparatively small

increase in total cost or increased cost over an open timber deck. These floors should

be waterproofed and thoroughly drained, measures which add to the cost but are

almost essential. There will be no replacement costs on this deck. Replacement costs

will only occur when the entire structure is replaced, while an open timber deck may
involve replacement costs more than once during the life of the bridge.

F. G. Campbell (Elgin, JoUet & Eastern) : Mr. McFetridge's comments relative

to replacement costs, and especially those in connection with short span steel bridges,

are especially interesting. The situation to which Mr. McFetridge draws attention is

more comparable to that encountered in timber bridges than would be the case with

heavier steel bridges with longer spans. There is no question that exclusive of replace-

ment costs ballast deck bridges are cheaper to maintain than are open deck bridges.

Generally, I believe these savings partially offset by the greater replacement costs of

ballast deck bridges; however, for the examples pointed out by Mr. McFetridge, where

replacement costs are more nearly equal, the net saving would of course be greater.

Discussion on Records and Accounts

(For Report, see pp. 169-182.)

Chairman H. L. Restall (Boston & Maine) : Your committee has again this year

confined its study to subjects pertaining to valuation, depreciation and accounting be-

cause of the current importance of these subjects and the necessity of curtailing activities

due to war time conditions.
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A foundation upon which valuation and depreciation is predicated is primarily an

engineering function, hence it should be of interest to all engineers and to railway

engineers in particular, because the charge for current depreciation is made against

the maintenance of way accounts.

During the past year there have been many changes in the Accounting Classification

and in the mandatory requirements covering past accrued depreciation for roads merged

since 1938 for accounting purposes. These orders have a far reaching effect even to the

carrier's balance sheet and, likewise, comprise a problem of vast importance in connection

with income taxes.

Pursuant to arrangements effected with the AAR this committee has presented a

report entitled, Methods of Avoiding Duplication and for Simplifying and Coordinating

Work Under the Requirements of the ICC and Other Public Authorities, appears in the

June-July 1945, bulletin. We recommend this report for your serious consideration.

Discussion on Impact

(For Report, see pp. 189-434.)

Chairman C. H. Sandberg (Atchison, Topeka & Santa Fe) : The final report of

the Impact Committee on Assignment 1^—Tests of short steel spans with open and

ballasted decks, together with effect of track inequalities and worn wheels on such

spans, is rather formidable with its numerous tables and graphs. In view of this it is

felt that it might be desirable to point out the major conclusions that have been drawn

by the committee from the analysis of the test data reported.

Although the committee has made a final report on Assignment 1, it will continue

gathering data as opportunity presents itself on short spans such as stringers, floor

beams, floor beam hangers, and possibly other beam bridges of shorter and*longer spans

than those tested.

From the tests made it was found that for open deck spans of present day

design, the actual static stresses are about 90 percent of the calculated static stresses

based upon concentrated wheel loads. In short spans having ballasted decks, the actual

static stresses are about 80 percent of the calculated static stresses.

The value of total impact, taken as a percentage of the actual recorded static

stress, sufficient to provide for the total impact effect are shown by heavy solid lines in

Figs. 338 and 339 (pages 368 and 369). At SO m. p. h. or over the impact for steam

locomotives is 75 percent and for Diesel engines 50 percent. These values are for both

open and ballasted decks and with or without a battered rail joint on the bridge.

The impact at 10 m. p. h. and less is 30 percent and 20 percent for the steam and

Diesel locomotives, respectively.

The total impact percentages for the steam locomotives, based on the recorded

static stresses, were generally greater than those obtained by applying the AREA precise

rating rules. This increase over the precise rating rules is apparently due to the following

two impact effects:

(a) The present precise rating rules do not include an item for the increase in the

mean stress due to speed and termed "Speed Effect" in the report.

(b) The present precise rating rules allowance for track joint effect increases with

an increase in speed while actually the maximum effect is attained at a relatively low

speed and then decreases with a further increase in speed.

The total percentages of impact for the steam locomotives based on the static

stresses, were appreciably smaller than the AREA design impact.
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The total percentages of impact for the Diesel locomotives were greater than the

AREA precise rating rules impact but only slightly below the AREA design impact.

The maximum stress in any one beam of a group of two beams under a rail varied

by about 15 percent from the average stress in the group where the beams were well

diaphragmed together, while the maximum stress in any one beam of a group of three

beams under a rail varied by about 20 percent from the average stress in the group.

This variation in stress between the beams is not an impact effect, as the variation

is about the same at high speeds as it is at slow speeds; however, it is an item that

should be considered either in the factor of safety or by a separate allowance in both

the design and rating rules.

It is shown in the report that under rapidly applied loads, such as occur when a

group of wheels passes over a battered rail joint, the shape of the elastic curve is

different from what it is under a slowly applied load. Our interpretation of this is that

deflection readings cannot be used to determine impacts in short span bridges, as the

actual impact stresses will be appreciably greater than those indicated by the deflection

readings.

We believe it would be of interest that one of the large western railroads recently

applied an impact factor which was based upon the results of these tests instead of the

present AREA design impact in designing a standard trestle with steel stringers. This

trestle has a ballasted deck with 14-ft. spans. The present AREA design rules require

the use of 108 percent impact. According to the Impact committee's findings it is satis-

factory to use 80 percent of 75, or a total impact of 60 percent. This railroad is now
placing orders for over 10,000 ft. of this type of trestle for this year and the saving in

steel due to the use of the lower impact will be 420 tons, which amounts to about

$40,000 for materials alone.

In behalf of the committee I want to thank Mr. Magee and his staff, including

Mr. Ruble who has been in direct charge of the work, for the excellent handling of

the field tests and the assembling of the large amount of data for his report on Assign-

ment No. 1.

C. C. Westfall (Illinois Central) : The report of the Committee on Impact is one

in which bridge engineers are deeply interested. In my opinion, these tests, the testing

procedure and the report constitute one of the most valuable contributions to railroad

bridge engineering in recent years. The results of these tests on short span bridges do

not bear out the material on impact in the Manual. The impact percentages found in

these tests are so much lower than those given by the formula adopted a few years

ago by the Association, that I consider it highly desirable that Committee IS—Iron and

Steel Structures, review this report and submit to the Association, with the least prac-

ticable delay, its recommendations as to the impact allowance to be used in the design

and investigation of short span bridges.

G. A. Haggander (Chicago, Burlington & Quincy) : I was especially interested in

the report on Impact. On pages 205, 206 and 207, mention is made of gages located

on the lateral system and crossframes of the Burlington bridges that were tested. How-
ever, I find nothing in the discussion of results, showing stresses developed in these

members. On the Burlington we think this is a very important item, as we have had a

good deal of trouble due to failure of rivets and members in lateral bracing and cross-

frames, and have expended a considerable sum in replacing the lighter members. If

the Committee on Impact can in the future analyze this particular information and

possibly include and extend it in future tests, I think it would be very well worth

while. I have written to Chairman Bernhardt of Committee 15—Iron and Steel Struc-

tures, along the same hne.
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Discussion on Masonry
(For Report, see pp. 435-468.)

C. C. Westfall (Illinois Central) : The report deals with the proportioning of con-

crete mixtures in the field and the members of the committee have accomplished a

very useful work in assembling the data shown, and simplifying it for ready use. The

average construction or repair job on most railroads is not equipped for making

elaborate tests of the concrete, or of the materials used, and the relatively simple

methods of proportioning as described in the report should be of considerable value

to the inspector on these jobs.

Discussion on Ties

(For Report, see pp. 469^78.)

Chairman John Foley (War Production Board) : The work of the Committee on

Ties during 1944 was conducted by correspondence, as travel conditions and pressure

of regular railroad duties made meetings and inspections impracticable for most of

its members.

Your committee has reported on only three of its eight assignments. It recommends

for insertion in the Manual a revised and enlarged guide to proper practices in the

handling of ties and submits as information data on tie renewals and costs for 1943 and

comments on the control of splitting in ties by means other than types of the device

now in common use.

Assignment 1 has resulted in a series of statements which support the fact that

as appreciation of the care required to assure maximum service from ties has grown

there have evolved improved ways and means for postponing their destruction by

mechanical and physical agents of deterioration. Consideration of the practices which

have proved advantageous where appropriately applied is recommended, and for the

convenience of all concerned they have been compiled and entitled "The Handling of Ties

from the Tree into the Track" for inclusion in the Manual.

Assignment 2 is not covered because direct information regarding the extent of

adherence to the AREA specifications for ties is not to be had without field inspections

of accepted ties in seasoning stocks. However, compared comments from various sources

indicate that while widespread disregard of the standards does not prevail there seems

to be justification for the complaints that substandard inspection by some importing

roads is resulting in their obtaining ties needed by the roads along whose lines they are

produced and that to assure receipt of their own requirements the exporting railroads

also indulge in reckless disregard of standards as to dimensions. The acceptance of ties

less than 6 in. thick and of a tie on the basis of the width midway of it thickness

instead of the width of its top is a reversion to the bad practices of 30 years ago.

As has been stated in recent reports of the committee, substandard inspection does not

increase the number of ties produced, but does increase their initial and ultimate costs

and reduce the quality of the service rendered by the track in which they are used.

The continued use by many railroads of all of the woods listed in the standard

specification as suitable and of all the standard sizes of ties has made possible renewals

to the limit of the track labor available. The use by every railroad of all the standard

kinds of wood and sizes of ties procurable along its lines would increase the supply

of ties. The subnormal production which was predicted last year as a result of

shortages in logging and milling labor and equipment will be felt in 1945 if the railroads'
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manpower and rail requirements are met. The 1945 production prospects arc at present

less bright than were those for 1944. In common with all other forest products, the

output of ties is being curtailed by continued shortages in logging and milling labor and

equipment. Therefore, unless war developments change the manpower situation, every

tie carried over into 1946 will be insurance against any tie shortage then.

Assignment 3 was not reported on because no new significant substitute for wood

ties has come to the attention of the committee and because the committee has refrained

from requesting the latest data on tests already reported, since the railroads are short-

handed and overburdened with requirements for statistics. Those who have ideas regard-

ing ties of materials other than wood may be expected to propose various substitute

designs under the stimulus of the current curtailment in the production of standard

wood ties.

Assignment 4 is fulfilled by the statistics on tie renewals and costs per mile of

maintained track which were published in the June-July Bulletin 446. These 1943 data

have been assembled in a more compact form without the omission of any essential

figures. The 17 years, of operation represented in the compilations to date provide

opportunity for comparisons and conclusions by those acquainted with conditions in a

region or on a railroad. The performance of the Class 1 railroads as a whole during the

past ten years has been nearly uniform ; the average renewals of wood cross ties in

percentage of the total number in track have fluctuated less than one percent.

Assignment 5 was met by a progress report stating that the controlling and closing

of splits in ties are problems engaging the attention of those who hope to find the

solutions of them in ways other than those at present practiced generally. The report

also points out that splitting is likely to be less in seasoning yards where consideration

iS given to it when ties are stacked.

Assignment 6 has not >et developed information which warrants a report ; but the

ideas expressed by those whose opinions on the subject of tie destruction by mechanical

wear have been sought are interesting and suggestive.

Assignment 7 involves the examination of used ties before they are disposed of.

It has not been feasible to arrange for the labor and transport required for the detailed

observation of such ties, under the conditions which prevailed during 1944.

Assignment 8 has not provoked any suggestions beyond those in the recommended

revision of the Manual under the subject of salvage. The committee is not aware of

any suitable substitute for wood ties which can be made of non-critical materials.

W. H. Penfield (Chicago, Milwaukee, St. Paul & Pacific); Beginning on page 470

the committee offers matter for adoption headed "The Handling of Ties from the Tree

into the Track". This subject has been prepared in an excellent manner and will make

a very substantial improvement as compared with the present material entitled "Methods

and Practices for Proper Seasoning of Ties, with Particular Reference to Increasing the

Service Life" and "Care of Ties After Distribution."

There are a few minor items to which I would like to call attention at this time

which might deserve some consideration and point to some slight modification.

On page 471, the first sentence under the heading "Conditioning"— I doubt the

advisability of using the first statement and would recommend its elimination, namely:

"Ties for use without preservative treatment do not require seasoning pnor to their

installation in track." The paragraph would then read: "Ties to be treated should be

conditioned in accordance with AREA Wood Preserving Plant Practice." This is con-

tradictory to several other statements made later on. As for instance, under the same

heading "Conditioning" the last sentence reads: "Ties treated with salts should be
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seasoned after treatment for at least two months before they are inserted in track."

This recommendation is undoubtedly a very desirable one.

On page 472, I would suggest the following wording for the five words in paren-

theses (face having the more sapwood)

.

The second paragraph from the top on page 472 covers the use of anti-splitting

devices or an alternate which would be the coating of the ends of the ties with a

chemical which retards splitting. I believe this alternate should be deleted so far as

present information is concerned. This is brought out in the Tie committee's assignment

No. 5, reported on page 478, in which the committee states: "Tests of chemicals which

can be sprayed or sprinkled on lumber continue, and such impregnants promise satis-

factory results in retarding the deep check of longitudinal surfaces. On sticks having

cross sections smaller than those of ties, end coatings have proved practicable and it is

possible that one or more substances effective on tie ends will be developed. In the

cases of those so far tried by a member of the committee, checks and splits were present

in the ties when the coated ends were cut off."

Under the heading "Storage", page 472, there is a statement in. the second paragraph

to the effect that no stack should be over 20 layers high. This undoubtedly is a recom-

mendation for ties stacked by hand and possibly would be an unnecessary limitation

where ties were being stacked by cranes or other machines and where the stacks are

built on good substantial foundations and in such manner that they are not likely

to tip over.

On page 473 under heading "Preservation" it might be desirable to have the first

line read as follows: "All ties should preferably be subjected to a preservative treatment

to prevent their decay."

In the fifth paragraph, under "Preservation", page 473, the statement is made that

more preservative is needed in woods which are treatable throughout than in those

penetrable only to an extent determined by the proportion of their sapwood. That

statement to me would seem to be open to discussion. It is true that with the full-cell

treatment much more preservative can be forced in into open wood porus timber than

in timber where the cells are closed and some artificial method must be followed in

securing penetration. Red oak ties for instance will absorb large quantities of preservative

as compared with white oak or fir. Fir ties require incising in order to absorb a sufficient

amount of preservative to protect them from decay. The treatment of white oak is also

improved by incising. These refractory woods should be given enough of the preserva-

tive to insure a preservative penetrating small cracks- which may develop after treatment

or to continue to penetrate the timber under tie plates or rail bases.

On page 474 under the heading "Care During and After Distribution", the last

two lines on this page might be cleared up by adding the words "if they show evidence

of splitting". I doubt if it was the intention to recommend driving anti-splitting devices

into all treated ties before being placed in track regardless of their condition.

As stated above, I feel that this is a very splendidly prepared set of instructions.

The things that I have mentioned are of a minor nature and possibly do not need any

consideration.

H. R. Clarke (Chicago, Burlington & Quincy) : In this report I believe the com-

mittee has compiled material previously submitted, condensing and rearranging it. It is

I think a decided advantage to have this information in a convenient form and all

together. The committee has done an excellent job. On page 471 under the heading

"Conditioning" the committee states that "ties for use without preservative treatment

do not require seasoning prior to their installation in track." No doubt the committee

has carefully investigated this and has proper authority for the statement. It has always
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been my thought, however, tl^^t even untreated ties would give better service if they

were seasoned for a short time before being put in track. I do not wish, however, to

suggest that this statement be eliminated unless the committee consents, as I would

not set my opinion against its knowledge of the subject.

On page 472 the committee recommends the use of anti-splitting devices in hard-

wood ties. Here again I think there is some question. At one time this was our

practice, but several years ago, in an effort to decide whether the anti-splitting devices

were justified or not, we discontinued their use, and as yet we have not been able

to see any unfavorable results. No doubt the anti-sphtting devices in some cases retard

checking, but in other cases it has been our experience that they start spUts and checks.

In this same connection, on page 475 the committee recommends the placing of anti-

splitting devices in ties which start to split while in track. It seems to me that this

is a useless procedure.

I realize that the use of anti-splitting irons is a very general practice and that

Burlington ideas should not be set up against the general opinion, but I feel that this

whole subject of the effectiveness of anti-checking devices should be given further study.

In discussing the subject of "Preservation", page 473, it would seem to be worth

while to mention the advantage of incising timber which is difficult to treat, such as

fir, possibly white oak, and some others.

Mr. Foley: If all members will peruse "The Handling of Ties from the Tree into

the Track" as carefully as have Messrs. Penfield and Clarke, errors in the statements

will not be overlooked and the result will be recommendations well worthy of a place

in the Manual. The following answers are presented in the order of the comments

in their letters, beginning with Mr. Penfield's comments:

The question is frequently asked: "Should ties which are not to be given preserva-

tive treatment be dried in storage stacks before being inserted in track". The Tie com-

mittee does not consider such seasoning desirable or necessary. The ties will check and

split while drying and soon after their installation they will absorb atmospheric and

ballast moisture. The questioned statement does not record the AREA as recommending

that such ties should or should not be seasoned. It leaves those who believe in that

procedure free to practice it and assures those who do not believe in it that they are

not guilty of malpractice.

The contradiction between "ties to be treated should be conditioned" and "ties

treated with salts should be seasoned after treatment" is not evident. In the first case

reference is made to untreated ties being conditioned preparatory to preservative treat-

ment; in the second case the ties referred to have been treated after preparatory

conditioning and are to be given a supplementary seasoning subsequent to their pre-

servative treatment.

The Tie committee has studiously avoided referring to ties as having narrow faces

and wide faces as do structural timbers or four sides as does lumber. A tie has a

bottom, top, and sides. In view of the proposal made, it is recommended that the

parenthetical phrase read: (surface having the more sapwood). As an alternative, one

could follow paragraph 509 (b) of the specifications for cross ties and say: (the

narrower of the horizontal surfaces, or the one with narrower or no hcartwood if both

horizontal surfaces are of the same width).

The committee aims to be forehanded. Despite its report on Assignment 0, it

regards anti-check chemicals as just around the corner in lie care. Creosote sludge

is being used with satisfactory results. If mechanical anti-splitting devices arc not ap-

plied, the committee believes that a coating meeting the requirements outlined should

be used.
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Stacks 20 layers high 'are taller than those generally erected with manual labor

by 100 percent. Rows of handmade stacks taper from IS layers at the rear to 10

layers or less at the track. See pages 4 and S of the February 1945 issue Wood Preserving

News for views of stacking. The 24 layers of treated switch ties are separated by strip

spacers. If they were layered 1 and 8 as cross ties being conditioned for preservative

treatment have to be separated, the stacks shown on page 5 would be several feet

higher. The Tie committee contemplates stacks with about twice as many layers as

those seen on page 4 and in the background on page 5. However, the committee

recommendation is not based on the mechanics of stacking; it is designed as a safe-

guard against the liability to decay in ties at the center of tall stacks as a result of

the reduced circulation of drying air currents. It is not feasible to have in every stack

only ties of equal age. The taller the stack the wider the range in age and the greater

the liklihood of ties in the lower layers decaying before those in the upper layers are

sufficiently seasoned. Stacks now normal in height can be readily dismantled to remove

seasoned ties and their unseasoned contents unstacked. Higher stacking will increase

the cost of such emergency work. The committee cannot prove that 20 layer is the

absolute maximum for safe seasoning; so it cannot complain if someone else takes the

responsibility for adding 5 or more layers.

The resu'ts from the preservative treatment of ties have been such that the com-

mittee is convinced that the added service obtainable from wood of any kind in any

situation warrants the recommendation, without qualification, that every tie be treated.

The recommended practice under consideration deals with ties in ballast only,

which are rarely treated by the full-cell process. Treated by the universally used

empty-cell process, red oak will retain five to eight pounds of preservative per cubic

foot of tie, while white oak will retain only two to four pounds. The total consumption

of creosote in the treatment of a given lot of exclusively red oak ties will exceed that

used in treating an equal number of white oak ties. A similar difference exists between

incised and unincised ties of Douglas fir or other woods.

The observations of the committee have convinced its members that "when they

show evidence of splitting" ties are damaged. Therefore it is consistent to recommend

that unironed ties be protected by anti-splitting devices both prior to seasoning and

prior to placing in track.

Turriiig now to Mr. Clarks's comments, as stated in my second paragraph, the

committee believes that any advantages in seasoning untreated ties are counterbalanced

by disadvantages. It assumes that those who are uncertain regarding the practice in

question are entitled to a statement of the committee's opinion. The Tie committee

is sure that approval of the practice would result in ties being seasoned where they are

inspected, on unsuitable sites, and without the sanitary safeguards and regular observa-

tion required. The statement that untreated ties "do not require seasoning" does not

deter those who regard some seasoning as beneficial.

The belief in some quarters that anti-splitting devices driven into the ends of ties

are of doubtful value has not been supported by the Tie committee. As the reports

on the 'Cause and Control of Splitting in Railroad Ties" show, the committee observed

millions of ironed and unironed ties before coming to the conclusions embodied in the

recommendation. The Burlington experiment in foregoing the use of anti-splitting de-

vices is not unknown to the Tie committee, which hopes to obtain the data on the

cost of squeezing and doweling all the ties which split enough to be unfit for track

without such reclamation. Subcommittee 5 is continuing its study of the subject and

Subcommittee 7 is expected to develop facts which will enlighten us regarding the
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effectiveness of anti-splitting devices after the period during which ties are seasoned.

Meanwhile the endorsement of the current "very general practice", under AREA appli-

cation standards, is recommended. The experiments with bands, bolts, and dowels to

close splits in laid ties are evidence of concern over tics which split in track.

C. D. Turley (Illinois Central) : Another important advantage of winter cutting,

especially for woods that season six months or more, such as pine and gum, is that

they become ready for treatment during good seasoning weather. Pine or gum ties due

for treatment in January or February during the rainy season in the south, have be-

come infected before they are dry enough to treat.

Discussion on Wood Preservation

(For Report, see pp. 479-488.)

Chairman H. R. Duncan (Chicago, Burlington & Quincy) : Eleven subjects were

assigned to Committee 17, which is reporting on three of them.

On Subject 2—Service test records of treated wood, we are making a report of the

same character that has been made annually.

On Subject 3—Destruction by marine organisms and possible ways of prevention,

no report has been made this year due very largely to the fact that Dr. Clapp, chairman

of the subcommittee, has been quite ill, and the committee has depended very largely

en him for the contact with the various government offices for much of the information

contained in the reports presented by this committee in the past.

On Subject 4 the committee has made satisfactory progress and the report includes

specifications for creosote-petroleum mixtures which are submitted for adoption.

In the case of Subject 5—Destruction by termites and possible ways of prevention,

Dr. von Schrenck, chairman of the subcommittee, reports considerable progress, but the

subject has not been developed to the point that warrants a report this year.

Subject 10—Development of specifications for treatment of wood to prevent its

destruction by fire, is a very important assignment, particularly at this time. Dr. von

Schrenck has held meetings and has collaborated with other organizations interested

in this subject and has made excellent progress on this subject, but the committee

has not completed its work and is, therefore, not in a position to make a report at

this time.

On Subject 6—New preservatives, Dr. Buckman's subcommittee has done a

tremendous amount of work and very likely will be able to progress this subject

further during the coming year so that a report can be presented.

No reports are included for Subject 1—Revision of Manual; Subject 7—Incising

forest products; Subject 8—Use of straight coal tar for tie treatment and results ob-

tained ; Subject Q—Critically review the specifications for creosote with attention to

changes in the process of manufacture and with regard to limiting the residue above

355 deg. C; and Subject 11—Means of conserving labor and materials.The subcom-

mittees with these assignments have all made progress in the study of their assignments

but very largely due to the character of the assignments and the fact that the chemical

industry is operating under abnormal conditions as the result of the war and the necessity

for carrying out government orders for procurement of certain materials necessary to

conduct the war, it is felt that this is not the opportune time to present definite

conclusions and recommendations that would be quite difficult, expensive and perhaps

impossible to make effective.
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Discussion on Roadway and Ballast

(For Report, see pp. 489-519.)

Chairman F. W. Hillman (Chicago & North Western) : The Committee on Road-

way and Ballast during the last year suffered a severe loss through the death of two

of its members, Frank William Capp and Raymond Swenk, and attention is directed

to the brief memoirs appearing on page 491.

The work of the committee was hampered seriously by the obstacles generally

imposed by war conditions. However, in spite of these handicaps, reports were sub-

mitted by subcommittees on 8 out of the total of IS assignments.

The report on Assignment 1—Physical properties of earth materials, appearing on

page 492, serves as an introduction to the special application of the science of soil

mechanics to railway roadbed problems. It is a source of gratification to your committee

that its recommendation for an appropriation of $10,000 has been approved by the AAR
for use in 194S in a study of one phase of soil mechanics, namely, the effect of grout-

ing on the stabilization of soft roadbeds. A preliminary report on this method of

stabilization appears on page 512.

On page 493 your committee submits Specifications for Asphalt Coating and Paving

of Corrugated Iron Culvert Pipe, material widely used but which is not now covered

by any definite specification.

A final report on methods currently employed in the solidification of embankments

appears on page 502. On page 510, the committee presents the results of an effort to

ascertain the extent to which its recommendations for roadway drainage are being

applied by the railroads. The results of this survey indicate that no change in the

Manual is advisable at this time.

Your committee submits as information Specifications and Plans for Overhead and

Side Warning Structures to be built of wood and also offers for adoption a minor

modification of the specifications now in the Manual covering warning structures built

of metal.

Also submitted by your committee are brief reports on the use of ballast for out

of face surfacing to' determine the proper type of ballast and the height of the lift,

and on the use of asphalt in ballast.

R. A. Van Ness (Atchison, Topeka & Santa Fe) : I wish to offer some comments

on the specifications for bituminous coated corrugated metal pipe and arches which

are presented as information.

The specifications are clear except it would appear that some revision of Art. II,

Adhesion Test, is desirable. It is assumed the test coating will pull away from the surface

of the pipe and not from the adhesion anchor.

(a) It seems desirable to free the specimen with a knife blade or cork borer

after the anchor and specimen are removed from the water bath.

(b) After "area", second line of last paragraph, page 500, insert the words "of

corrugated metal".

(c) It appears better arrangement to place the first paragraph, page 501, ahead

of the last paragraph on page 500.

(d) To avoid repetition it would seem desirable to end the first sentence of the

first paragraph, page 501, after the word "anchor" in the second line.

W. C. Swartout (Missouri Pacific) : I welcome the comments of Mr. Van Ness for

they indicate to us those paragraphs in our specification which are not clear to an

engineer who would have occasion to use them. Answering Mr. Van Ness' comments

in order:
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(a) The second sentence of second paragraph, pape 500, reads
—"At the end of the

4S-minute aging period remove (from the aging bath) and dry the test specimens and

promptly press into the coating of each specimen as far as possible one adhesion

anchor which has been kept at 240 degrees F."

I believe it is clear that the adhesion anchor comes in contact with the specimen

after the specimen has been removed from the aging bath, and that the anchor which

has been kept at a temperature of 240 degrees F. is applied as promptly as possible

after its removal from the oven. The outer periphery of the anchor is then freed from

contact with the asphalt coating surrounding it with a knife or cork borer.

I do not understand that Mr. Van Ness is suggesting any changes and I would

not like to make any until it has been discussed in the committee.

(b) Insertion of the words "of corrugated metal" after the word "area" second line,

last paragraph page 500, is agreeable as it will clarify the requirement.

(c) The sequence of the last paragraph on page 500 and the first paragraph on

page 501 is proper. The last sentence of the first paragraph on page 501 states that

three areas of each specimen are to be tested. The last paragraph on page 500 com-

pletes the description for the test of the first area. The first paragraph on page 501

spells out how the second and third tests on the same specimen are carried out after

the first test is completed.

(d) I think I see Mr. Van Ness' difficulty here, and believe it will be met more

satisfactorily if we change the word "that" following the word "anchor" in second

line first paragraph page 501 to "which." It is of prime importance that the anchors

be kept at a temperature of 240 deg. F. until the conclusion of the test to insure com-

plete penetration of the coating by the hot anchor. We are agreeable to making the

substitution of "which" for "that."

Mr. Van Ness; In further explanation of my suggestion regarding the adhesion

test, it is my thought that when the adhesion anchor is pressed into the asphalt on the

specimen from the corrugated pipe, both the specimen of asphalt and the adhesion

anchor are heated to much above the normal temperature. For this reason, it seems

very likely that cutting into the asphalt around the edge of the anchor with a knife

may not result in an effective separation from the surrounding asphalt since the heated

edges may have a tendency to blend or heal behind the knife. It seems more consistent

to do the cutting after the anchor and the specimen have been removed from the

30-min. water bath at 70 deg. F.

Discussion on Track
(For Report, see pp. 521-598.)

C. J. Code (Pennsylvania): Following is a comment on the report on Assignment
8—Bolt tension necessary for proper supporting of rail joints, with particular reference

to the conclusions on pages 568 and 569;

We have followed these tests with interest, and believe that much useful information

has been developed; however, we question the desirability of including in the Manual
a recommendation for bolt tension as high as 25,000 or 30,000 lb.

We have recently done some laboratory testing on the strcs.scs in the web of

131 -lb. RE rail within joint bar limits, in an effort to arrive at the cause of split web
failures occurring at rail ends. Tests with brittle lacquer show high tensile stress concen-

trations at the top and bottom fillets and at the first bolt hole. The top fillet and first

bolt hole are both locations at which failures develop in service.
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Wire resistance gages applied at these locations show that these stresses increase

rapidly with increasing bolt tension, under zero wheel load, and except at the bottom

fillet, the stresses initially placed in the rail by bolt tension, are increased when an

external load is applied. With bolt tension of 30,000 lb. alone, without external load,

a tensile stress at the top fillet as high as 40,000 lb. per sq. in. has been measured,

with lull bearing bars.

In our opinion, the subject of bolt tension deserves further investigation. While

we are aware of the variations in appHed tension above and below the specified amount,

and of the losses of bolt tension in service, which are so clearly demonstrated in the

reports on Assignment No. 8, we would hesitate to recommend an initial bolt tension

higher than 15,0C0 lb. for 131 -lb. RE rail.

C. W. Breed (Chicago, Burlington & Quincy): The rccommer.dation for a bolt

tension of 20,000 to 40,000 lb. when bolts are first applied and given their initial

tightening and of 15,000 to 25,000 lb. when retightened, has for its object the attain-

ment of the most satisfactory performance of the rail joint assembly. Studies to deter-

mine the minimum bolt tension required to properly support the joint bars and the rate

of bolt tension loss in track clearly indicated that an initial bolt tension of at least

15,000 lb. is required to support the rail joint adequately between tightenings at yearly

intervals. The studies further showed that even with a uniform tightening torque and

finger-free or Class 2 fit threads, a variation in bolt tension of 10,000 lb. was the least

that could be expected. Accordingly, this range of variation was provided for above the

15,000 lb. minimum so all bolts would have at least 15,000 lb. tension. In the application

of new joint bars, because of the rapid rate of loss of bolt tension while the mill scale

is being removed and to insure proper seating of the bars, a somewhat higher tension,

20,000 to 30,000 lb., is recommended for the initial tightening. If 15,000 lb. were estab-

lished as the maximum permissible bolt tension, a large percentage of the bolts would

only have an applied tension of 5,000 lb. which would not be sufficient to maintain

good joint performance betwen tightenings, and many of these bolts would become

entirely loose and have the threads destroyed by being battered against the sides of

the bolt holes as a result of the vibration under traffic.

With the amount of bolt tension established as that necessary for providing suitable

support of the rail joint, the resultant stresses within the rail web become a question

of rail design. If the web stresses are too high the web should be strengthened as

required. As a matter of fact, however, extensive measurements of bolt tension applied

by trackmen in hand tightening have shown that the recommended range of applied

tension is much less than has been generally used in the past. Also, the tension measure-

m.ents have shown that even though a bolt tension of 25,000 lb. should be applied,

this decreases rapidly and the average tension during the period betwen tightenings will

be much less than this amount. Accordingly, the recommendations for bolt tension,

if followed, will certainly give a reduction in these rail web stresses compared to past

practice. During the tests, various installations were maintained with much higher

tensions than is recommended in the report, with no evidence of failures through the

bolt holes or in the upper fillets of the rail webs.

C. H. Blackman (Louisville & Nashville) : I have voted against the recommendations

covering track bolt tension because of the failure to include in the text any reference to

the size of track bolt. A tension of 20,000 lb. in a 1^-in. bolt will give a stress of 20,120

lb. per sq. in., but in a %-in. bolt the stress would be 33,261 lb. per sq. in. As a matter

of fact no practical means has been provided of determining this stress in the field when

applying bolts.
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Discussion on Rail

(For Report, see pp. S99-780)

C. W. Breed (Chicago, Burlington & Quincy) : In connection with the report on

Assignment 12, Investigate recent developments affecting rail design, particularly that

portion of the report having to do with the setup of the test, page 663, I wish to com-

ment on the tenth line from the top of the page, which reads,

Thei object of the wide wheel gage of these axles was to cause the wheel flanges

to bear sharply against the gage corner of both rails and thus produce a large

lateral load in combination with the vertical load. The track gage was narrowed

to 4 ft. 83^2 in., which in combination with the wide wheel gage produced a

lateral load under these two axles of about 10,000 lb. at each rail.

The results of the tests would have been as stated if the upper corner radius of the

head had been the same for both rails. However, because the upper contour of the

head of the TR rail is such that it has the effect of moving the wheel contact inward

0.05 in., and to produce in the tests greater stress in the TR rail than in the RE rail,

the stress readings under wheel H, Table 2 are not comparable. At gage 18 on top

of the base, for instance, where the rails are identical in dimension, the stress in the TR
rail was found to be 36,000 lb. per sq. in., the stress in 112-lb. RE rail was 25,000 lb. and

the stress in the 115-lb. study "A" was 30,400 lb. If the loading had been applied

equally, the stress at this point should have been the same for all three rails, as the

dimensions of all three tails at this point are identical. The unequal wheel bearing is

more plainly shown on Figs. 1 and 2.

I suggest that the subcommittee review the report with the unequal loading of rails

in mind and make a supplementary report on this phase of the subject.

G. M. Magee (AAR) : Mr. Breed calls attention to a portion of the Proviso tests

which should have been more thoroughly explained. In planning for the tests, careful

consideration was given to means for obtaining the desired combination of lateral and

vertical loading on the rail. It was decided that the most satisfactory and practical

procedure was to widen the wheel gage and narrow the track gage as required to produce

the desired lateral thrust by the action of the two wheels of the axle in spreading the

rails outward. The roller bearing tie plates could not be used directly under the test

rail to measure the lateral force, but they were placed on the rail directly opposite the

test rail, and there is good reason to believe that the lateral force exerted on this rail

and measured with the roller bearing tie plates would be substantially equal but op-

positely directed from the corresponding lateral force exerted on the test rail.

Accordingly, the method used in making the tests was to place the test rails to a

gage of approximately 4 ft. Sa'a in. The test loading was then applied and the lateral

force determined from the roller bearing tie plates. The track gage at the test location

was then adjusted as required by means of the connecting bolts on the roller bearing

tie plates so that a lateral force of approximately 10,000 lb. was obtained. During the

tests, as wear occurred at the gage corner, it was necessary to readjust the connecting

bolts from time to time as required to accomplish this result. Every care was used in

making the measurements and for most loadings the tests were repeated and the results

obtained were in good agreement. It is believed, therefore, that the vertical and lateral

loads applied to the various test rails were quite uniform throughout, except that during

the testing of the 112-lb. RE rail (the first rail tested) the track gage widened a small
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Fig. 1.

A.A.R. CONTOUR 1930

POSITION OF FIANCE THRUST
i^ LATEHAllY AGAINST HEAB OF
r-" 112-lB. B.E. RAIl

r.,ll2-l.a r. R. RAIL

Fi-. 2.

This drawing shows that the combination of tight track gage and wide wheel gage
set up in the test results in a materially greater lateral load against the head of the TR
rail than against the RE or other rails in the test due to the differences in contours of
the tops of the heads. Accordingly, the stresses measured in the TR rail under lateral
loadings are not comparable with the stress measurements in the other rails tested. The
contour of the upper outer corner of the head of the TR rail is identical with that of the
90 and 100-lb. ARA-A sections and maintains the standard gage relations between rail

and wheel existing for years with these highly successful rail sections. It is obvious that
the setup of the test created a condition not to be found with properly gaged track
and wheels.
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amount and the stresses in the roller bearing tie plates were reduced and thus the lateral

load was reduced during this test by about 20 percent.

Measurements were also made of the outward deflection of the test rail by means

of an Ames dial fastened to supports driven in the roadbed. The outward movements

of the rail head under wheel "H" with vertical load combined with lateral load, for the

four 112-lb. to llS-lb. test rails were as follows:

Lateral Deflection of the Rail Head under Wheel Load "H"

(Proviso Tests)

Load
Between Ties Over Tie

Inches Inches

112-lb. RE 0.07S 0.073

llS-lb. D&RGW 0.095 0.080

112-lb. TR 0.075 0.068

115-lb. Study A 0.082 0.090

The stress at gage 18 to which Mr. Breed refers may be expected to be consid-

erably affected by the condition of the rail bearing on the tie plate. Small differences

in the flatness of the rail base or in the pcs'tion of the tie plate bearing would probably

have far more effect upon the stresses measured at this location than the maximum varia-

tion that could conceivably have occurred in the lateral loading.
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Conservation and Reclamation of Material For

Maintenance of Way
By R. p. Winton

Welding Engineer, Norfolk & Western Railway, Roanoke, Va.

Never in the history of railroads has conservation and reclamation of materials been

more important than at this time. The extremely heavy traffic results in more rapid wear

and there is an acute shortage of new material. It is of vital importance to reclaim all

materials possible.

While it is true that as much scrap as possible should be disposed of, manpower and

transportation can be saved by reclaiming instead of scrapping material and thus obviate

the manufacture of new material. Much material which could have been reclaimed has

been scrapped by the railroads in the past. Many railroads have hesitated to reclaim

some material because of doubt as to whether the reclaimed articles would function

properly or whether the additional hfe would justify the cost of reclamation. Reclamation

of some material has been condemned when the real trouble was that the work had

not been done properly. The cost of some reclamation was high due to the lack of

facilities for efficient work.

For the duration of the war all material which can be re-used safely should be

reclaimed even if the cost is high. Efficient equipment and proper supervision will reduce

the cost of reclamation. E.xperience gained during the war may prove that money can

be saved by reclaiming many items after the war.

Tolerances for Reclamation

Reclaimed parts must fit so that they will function properly. It is extremely desirable

to be able to assemble new or reclaimed parts interchangeably. No parts can be made

to a specified size with absolute accuracy, and there will always be some variation in the

size of individual parts.

Basic size is defined as the exact theoretical size from which all variations are

measured.

Tolerance is defined as the amount of variation permitted in the size of a part. The

tolerance should be sufficiently small so that the parts will function properly, but unnec-

essarily small tolerances increase the cost of manufacture.

Allowance is defined as the minimum intentional difference in dimensions of mating

parts. The allowance specified should be suitable for the purpose of the parts. For ex-

ample, the allowance of a high speed shaft in the bearings of a motor should be small,

while the allowance of a bolt in a hole might be larger.

Clearance is defined as the actual difference in dimensions of two particular mating

parts. The clearance of the tightest fit is the difference in dimensions of the smallest hole,

or external member, and the largest shaft or internal member, which is the allowance.

The loosest fit is the difference in size of the largest hole, or external member, and the

smallest shaft, or internal member, which is the allowance plus the sum of the tolerance

of the two mating parts.



Reclamation of Track Material

Interchangeable assembly is necessary for mass production at low cost. This requires

that the largest individual internal part must fit into the smallest external part with the

desired minimum allowance, but the smallest internal part must not have more than the

specified clearance from the largest external part. For further information on fits and

gaging see American Standards Association Bulletin B-4a-192S, Tentative American Stan-

dard Tolerances, Allowances and Gages for Metal Fits.

Finished holes are usually made by drills or reamers which cannot be adjusted.

Standard drills and reamers are made only in certain nominal sizes. Therefore, the mini-

mum size of holes should usually be specified as nominal and the maximum size of the

part fitting into the hole specified so as to give the desired minimum clearance. Holes

made by drills are usually larger than nominal, particularly if the lips are not ground

accurately. For close fits the holes should be drilled undersize and reamed. New reamers

are slightly larger than nominal to allow some wear before the hole reamed is less than

nominal. It is undesirable to specify odd 64th size holes above one-half inch or odd 32nd

size holes above one inch because drills of these sizes may not be carried in stock.

Gages Important

In order to manufacture parts to specified tolerances, measuring devices which are

at least as accurate as the desired tolerances must be provided. Calipers and micometers

can be used if only a few parts are to be checked, but they are not adapted to quick

work. Limit gages can be handled much faster and their use eliminates the possibility

of error in the hands of inexperienced men.

Ring or snap gages have internal measuring surfaces for checking external dimen-

sions. Plug gages have external measuring surfaces for checking holes and internal

dimensions.

Limit gages are gages for checking the maximum and minimum dimensions. For

example, to check a shaft the "Go" gage is made the maximum permissible diameter and

the "Not Go" gage the minimum permissible diameter. The shaft must be small enough

so that the "Go" gage will go over it and not be small enough for the "Not Go" gage to

go over it. Suitable Umit gages should be used for the manufacture of new parts.

Limit-of-wear gages are "Not Go" gages for checking the maximum permissible wear.

For reclamation purposes the "Not Go" limit-of-wear gage may be combined with

the "Go" gage for reclaimed parts. For example, the holes in the old switch connecting

rods shown in Fig. 29 are checked with the flat progressive plug gage. The end is the

nominal diameter of the bolt. The diameter above the shoulder is 1/32 in. more than

nominal, which is the permissible limit of wear. If the limit of wear member will not go

into the hole, the hole is not worn excessively and the rod is classed as "Fit" and re-used.

If the Umit of wear member will go into the hole in any direction, the hole is worn

too much and is built up by welding and reamed. After reaming, the "Go" member must

go into the hole with a small amount of shake, otherwise, new bolts would fit too tight.

The engineering department should make a careful study of the maximum wear of

the various parts which can be permitted and still have the whole assembly function

properly. For example, the "back lash" of a switch point is the sum of the clearances

of the bolts in the switch rod, connecting rod, and the various parts of the switch stand.

The maximum limit of wear for each part should be specified. Suitable limit-of-wear

gages should be provided so that the fit is not left to the discretion of the workmen.

Suitable equipment should be provided to do reclamation efficiently. Many jigs and

fixtures and other labor saving devices can be made out of scrap material by oxy-

acetylene cutting and welding with very little machine work.



Reclamation of Track Material

Norfolk & Western Material Yard

The organization of the Norfolk & Western Railway roadway material yard is par-

ticularly well suited to conservation and reclamation of material used in maintenance

of way. The whole yard is supervised by the engineering department. All new roadway

material for the system, other than rail to be laid immediately, is now shipped to and

stored at a central yard. All the material required for a job is shipped from the yard.

In most cases, all the material required is received at the job in less time than previously,

when it was stored at various points on the railroad, and the inventory was enormously

reduced.

All material released on the system is shipped to the yard and sorted as it is un-

loaded from the cars. It is inspected and classified as "Fit", to be reclaimed, or scrapped.

Scrap is classified and loaded promptly in carload lots.

"Fit" or reclaimed material is used wherever possible. The inventory of obsolete

new material is kept to a minimum. Since the reclamation is done at the yard, obsolete

material can be reclaimed and shipped promptly if, and when, needed.

Most of the reclamation for maintenance of way is done at the material yard. This

saves transportation. Material needed can be reclaimed and shipped promptly. The re-

clamation is supervised by the personnel of the engineering department, who understand

the requirements.

Manganese Frogs and Crossings

Manganese crossings are welded in track by portable gasoline driven electric welders

if possible. If the crossing cannot be welded satisfactorily in track and there is a spare

available, the crossing is removed from track and welded near the site. New crossings

are not ordered until the spares can no longer be welded.

Usually isolated turnout frogs are not welded in the field because of the cost of

moving an outfit to the location. Many turnout frogs are in such bad shape that they

cannot be reclaimed in track. These frogs are shipped to the material yard where they

can be reclaimed at a lower cost with better supervision. When a large number of frogs

that are not far apart need only a small amount of welding, it is cheaper to weld them

in the track than to take them out and ship them to the material yard.

Rail-Bound Manganese Frogs

All rail-bound manganese frogs received from the field are inspected. Frogs in such

bad condition that the cost of reclamation would be excessive are scrapped. Nuts on bolts

which are not badly rusted are removed with a pneumatic impact wrench. Badly rusted

bolts are cut with an oxy-acetylene cutting torch, rivets in the tie plates are cut off with

a cutting torch, and the frogs are taken apart. The scrap manganese castings are shipped

separately.

Bolts and nuts which are not badly rusted are saved, cleaned, and the threads re-cut

to use for repairing other frogs. Long bolts on which the threads are in bad condition

are cut off to shorter standard lengths by a power hack saw and re-threaded.

Some of the tie plates are saved to replace missing tie plates. The rolled steel filler

bars are saved to replace broken cast iron fillers. A few of the good wing rails and heel

rails are saved to replace bent or broken rails on frogs which have manganese castings

that can be reclaimed.

A few frogs of obsolete sizes are saved and reclaimed if, or when, needed. This

reduces the purchase of new frogs which might never be required.

When the reclaiming of manganese frogs was first started, it was thought that it

would only be necessary to replace the metal worn off by welding. However, it was soon
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Fig. 1.—Frog Prepared for Welding.

found, by breaking a large number of managanese castings, that the failure of these

castings in service was caused by interior defects in the original castings. Before the war,

manganese castings with large interior defects were scrapped. Now, due to the shortage

of new frogs, large defects are being cut out and the castings reclaimed by welding. Fig. 1

shows a frog prepared for welding. As much as SO lb. of electrode has been used on one

casting, but the total cost of reclaiming was less than one-third the cost of a new frog.

None of these deep welds has failed in service. In fact, some of the welded crossings

have lasted longer than new crossings due to the fact that the defects in the original

castings had been replaced with sound weld metal.

Fig. 2.—Main Bay of Shop Built for Reclaiming Manganese Frogs.
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Fig. 3.—Swing Frame Grinder.

To reclaim manganese frogs satisfactorily at a reasonable cost it is necessary to have

efficient equipment. Fig. 2 shows the main bay of a shop which was built for the purpose

of reclaiming manganese frogs.

Procedure

The procedure in reclaiming rail-bound manganese frogs is as follows:

1. The frogs are cleaned and inspected carefully.

2. Bent or broken wing rails or heel rails are replaced with rails removed from frogs

having castings which have been scrapped.

3. The manganese castings are cleaned with a portable motor-driven wire brush and

carefully inspected for cracks.

4. All defective metal is ground out by a swing frame grinder shown in Fig. 3. The

metal on the wide part of the manganese wing opposite the point is often spongy or

laminated due to the great impact of the wheels crossing the flangeway. If all the lamin-

ations are not ground out, the parent metal under the weld will fail in service.

5. A depression in the running surface or cracks in the flangeway are almost positive

evidence of large interior defects in the casting. Large defects are cut out with an

oxy-acetylene torch and then ground to sound metal.
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Fig. 4.—Pneumatic Impact Wrench.

Fig. S.—Frog After Welding.
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6. The overflow on the wing and heel rails is ground off with a swing frame grinder.

7. A slot is ground between the manganese wing and the wing rail with a S/32-in.

grinding wheel in a swing frame grinder. Metal at the edge of the manganese wing has

usually flowed over the wing rail, and if this overflow is not removed, cracks will start

in the manganese wing due to vertical motion between the wing and wing rail. This

slot makes it easier to weld the manganese wing without having the weld metal adhere

to the wing rail or having the arc nick the wing rail.

8. The ends of the wing and heel rails are beveled with a portable motor-driven

grinder.

9. Badly rusted bolts are replaced with reclaimed bolts removed from frogs which

were scrapped. All nuts are tightened with a large pneumatic impact wrench shown in

Fig. 4.

10. If the wing rails are badly worn next to the manganese wing, they are preheated

with an acetylene torch to a temperature of about 600 deg. F. and built up by electric

welding with ^-in. dip-coated 0.90 to 1.10 percent carbon steel electrodes.

11. The weld on the wing rails is ground level on a planer grinder.

12. The manganese casting is welded. Single-operator d.c. motor-generator welding

machines are used. Each machine has a voltmeter and an ammeter. It is the practice to

use 3/16-in. bare nickel manganese electrodes of the following analysis for welding the

manganese casting:

Percents

Manganese 13.00-15.00

Carbon 0.70- 0.90

Nickel 3.50- 4.50

Silicon 0.90- 1.20

The welding current is adjusted to 120-130 amp. on the ammeter and not left to

the judgment of the operator. It has been found that a current of only 10 amp. too high

will cause hair cracks in the weld. A short arc is used. The arc voltage varies consid-

erably due to the fact that the pool boils, but the arc voltage should never be more than

30 volts. The metal is deposited in beads about one inch wide with a crescent shaped

weaving motion. The pool must be "puddled" until the gases escape, to prevent porosity.

Immediately after each electrode is deposited the bead is peened with a hand or air

hammer to stretch the metal as it cools. The bead will crack unless it is well peened.

Peening also increases the hardness of the metal so that it is less prone to crushing

in service.

One row of beads is deposited and the casting allowed to cool before the next parallel

row is deposited. It is very important to avoid overheating the casting because of carbide

precipitation in the parent metal which would cause it to fail. The failure of manganese

welding on some railroads is due to too high a current and the depositing of too much

metal in one place without allowing the casting to cool. Each operator works alternately

on three frogs to allow time for the castings to cool before the next beads are deposited.

Fig. S shows a frog after welding.

There is danger of the frog warping due to the contraction of the weld metal on

the top surface. Peening the weld metal reduces this tendancy, but a small amount of

warp will not do any harm since the cold rolling from the wheels in service will stretch

the metal. If the frog is straightened by bending after welding, there is danger of

cracking the weld metal. Any frog requiring a large amount of welding and all frogs

for rail sections of less than 130 lb. are placed in the press shown in Fig. 6. The man-

ganese casting is supported by a block which fits under the point. The two ends of the



Reclamation of Track Material

Fig. 6.—Press Used in Welding Frogs.

M^^m^

Fig. 7.

—

Planer Type Grinder.
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Fig. 8.—Frog After Finish Grinding.

Fig. 9.—Rivets Cut Off with Low Velocity Oxy-acetylene Nozzle.
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Fig. 10.—Electric Rivet Heaters for New Rivets.

casting are pulled down by four lJ/2-in. bolts by means of a 36-in. ratchet wrench until

there is a camber of about 1 in. in the whole length of the frog. The frogs are welded

while cambered in the press. After the welding has been completed, the bolts are released

and the frog springs back nearly straight.

13. The welded frog is ground on the planer type grinder shown in Fig. 7. This

machine was made by the N. & W. toolroom personnel from an old motor-driven planer.

The tool post was replaced by a ball bearing grinding spindle driven by a 10-hp. constant

speed induction motor by means of four "V" belts. The weight of the grinding head and

motor are overbalanced by a counterweight through a cable and pulleys so that the

grinding wheel does not drop down when it runs off the weld. A 10-in. by lYz-m. double

dish resinoid grinding wheel is used so that it will grind the flangeways as well as the
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Fig. 11.—Rivets Driven with Pneumatic Hammer.

running surface. When the grinding wheel wears down to a 7-in. diameter, it is taken

off and used down to a 4-in. diameter on portable electric grinders. The grinding is done

dry to avoid the sludge which would be caused by wet grinding. The rear end of the

machine is enclosed in a sheet iron housing. A suction fan draws the grindings into the

housing where the large particles settle. The fine particles are drawn up through a pipe

by the fan and discharged outdoors.

Frogs with wing wheel risers are used. The raised portion of the wing and the

point are ground level. Shims are placed under each end of the frog to grind the run-off

on the wings. The corners of the wing and point are ground to a ^-in. radius by

manipulation of the cross-feed and vertical-feed levers.

14. The frog is finished by a portable electric grinder. The point is rounded. The

manganese wing is beveled at the throat from a point where it is 1 in. wide to an

elevation Yz in. below the wing rail at the end, to prevent spalling. Fig. 8 shows a frog

after finish grinding. (lexl continued on page 15)
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Fig. 12.—Pneumatic Drill and Jig in Use on Frog.

Fig. 13.—Crossing Prepared for Welding.
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Fig. 14.-Pieces of Rolled Manganese Steel Serve as a Base for Welding.

Fig. IS.—Base Crack Beveled Preparatory to Welding.
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Fig. 16.—Compression Levers for Dismantling Safety Switch Stands.

Fig. 17.—Limit-of-Wear Plug Gage.
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15. The countersunk heads of loose rivets in the tie plates are cut off with a low

velocity oxy-acetylene rivet cutting nozzle as shown in Fig. 9. Any holes in tie plates

which are not countersunk sufficiently are countersunk in a drill press. Missing tie plates

are replaced by plates removed from frogs which were scrapped. The holes in the rails

and tie plates are reamed with a tapered bridge reamer in a pneumatic drill. New rivets

are heated in an electric rivet heater shown in Fig. 10. The countersunk heads of the

rivets are driven with a pneumatic hammer as shown in Fig. 11.

16. In frogs that had been drilled for four-hole joint bars, the extra holes necessary

for the application of six-hole bars are drilled through a jig with a pneumatic drill, as

shown in Fig. 12.

Manganese Crossings

Some manganese crossings are in such bad condition that they cannot be properly

welded in track. Deliveries on new crossings are delayed so long because of war work

that it is sometimes necessary to reclaim crossings to use as spares in an emergency regard-

less of cost. Very often there are shrinkage cavities under the points. The points cannot

be welded satisfactorily unless all the defective metal is removed. Such crossings are

shipped to the material yard where the reclamation can be done properly.

Fig. 13 shows a crossing after the defective metal has been removed preparatory to

welding. Pieces of rolled manganese steel •>'^ in. thick were cut out to fit the holes and

butt-welded to form a base for welding as shown in Fig. 14. The point was then built

up by welding. The base cracks were beveled with a cutting torch as shown in Fig. IS

and welded. The weld was ground smooth to prevent stress concentration which might

cause the weld to fail. This crossing has been in service for two years since it was welded

and has not shown any signs of failure.

Switch Stands

1. Switch stands are completely taken apart. Fig. 16 shows levers for compressing

the springs in safety switch stands so that the safety block can be removed.

2. The parts are placed in baskets and cleaned in hot cleaning solution and rinsed

in hot water.

3. The hole for the spindle in the base is gaged with the limit-of-wear plug gage as

shown in Fig. 17. If the hole is not worn more than 1/64 in. oversize, the base is re-used.

If the hole is worn more than 1/64 in., it is bored and reamed Y^ in. oversize with the

jig shown in Fig. 18 and a steel bushing is pressed into the hole.

4. The journals on the spindle are gaged with the limit-of-wear snap gages shown

in Fig. 19. If the spindle is worn more than 1/32 in., it is scrapped. If the spindle is

bent, it is heated with an oxy-acetylene torch and straightened. Spindles for high stands

which have broken above the handle are welded with an acetylene torch in the fixture

shown in Fig. 20. The spindle fits in bearings and can be revolved while being straightened

so that it runs true with the journals.

5. The crank eye is wire brushed and inspected for cracks. The bolt hole is gaged

as shown in Fig. 19. It is scrapped if the hole is worn more than 1/32 in. The hole

should not be welded as it is made of heat treated steel. The threads are re-cut if neces-

sary so as to give a tight fit in the hole in the spindle.

6. The bearing hole in the safety block is gaged with a plug gage as shown in Fig. 21.

The slots in the safety blocks are checked with a gage as shown in Fig. 22. If the

corners are worn to more than -J^-in. radius, they are built up by welding with cast iron

rod and an acetylene torch. The weld metal can be made harder than the original casting.

The slots are ground to width and the top is ground in the tilting fixture shown in Fig. 23

on a planer type grinder. (text continued on page 23)
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Fig. 18.—Jig for Boring and Reaming Switch Stand Base.
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Fig. 19.—Limit-of-Wear
Snap Gages.

I- Ik. 20.—Fixture Used in Welding Spindles.
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Fig. 21.—Safety Block
Plug Gage.

mm zg.

Fig. 22.—Safety Block
Slot Gage.
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Fig. 23.—Tilting Fixture to iiuiu .safety Block

—

Planer Type Grinder.

Fig. 24.—Tongue Limit-
of-Wear Gage.
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Fig. 25.—Straightening Fixture

for Hand Lever.

Fig. 26.—Air Press for Straight-

ening Targets.
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Fig. 28.—Lamp Tip Gage.

Fig. 27.— (Left)—Limit Gage for Lamp Sockets.

a a
Fig. 29.—Bolt Hole Limit-of-Wear Plug Gage.



22 Reclamation of Track Material

Fig. 30.—^Home-Made Rod Welding Positioner.
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7. The tongue on the horizontal lever which fits into the slots in the safety block

is gaged with the limit-of-wear gage shown in Fig. 24. This part is a steel casting and

can be built up by welding and ground to size.

8. The hand lever is made of malleable iron. If it is bent, it is heated with an

acetylene torch and straightened in the fixture shown in Fig. 25.

9. The old paint on targets is burned off. They are straightened in a die in the air

press shown in Fig. 26. The targets are sand blasted to give a good bond for the paint,

and they are sprayed with a coat of primer and a coat of yellow Dulux which gives a

hard glossy surface that can be cleaned with soap and water.

10. The fit of the socket of the switch lamp over the lamp tip is very important.

The sockets on lamps are checked with the limit gage as shown in Fig. 27. The lamp tips

are checked with the gage shown in Fig. 28. If the end of the tip does not come at

least flush with the end of the gage, it is ground smaller. If the end of the tip projects

more than 5/16 in. beyond the end of the gage, it is built up by welding with cast iron

rod by an acetylene torch and ground to fit the gage.

11. The "Fit" or reclaimed parts, with any necessary new parts, are reassembled

and lubricated.

12. If the sleeve does not fit tight on the square on the spindle, shims are used.

13. The clearance between the tongue on the horizontal lever and the slot in the

safety block is checked with a feeler gage. If the clearance is more than 1/32 in., another

horizontal lever is used.

14. The outside of the switch stand is painted with a spray gun.

15. All reclaimed switch stands are stamped "RPD", with the date reclaimed.

Switch Stand Connecting Rods
1. Switch stand connecting rods are cleaned and inspected. Rods which are badly

corroded are scrapped.

2. Long rods which have defective clevis ends are cut off and made into shorter rods

by drop forging new clevis ends.

3. The bolt holes are gaged with a flat limit-of-wear plug gage as shown in Fig. 29.

If the holes are worn less than 1/32 in. in size in any direction, the rods are classified

as "Fit" and re-used.

4. If the bolt holes are worn more than 1/32 in. in any direction, the holes are built

up by welding. The ends of the rods are preheated in a coke fired forge to save gas. The

rods are placed in a home-made welding positioner shown in Fig. 30. The rods are

revolved slowly by hand and a thin layer of steel welded in the hole with an oxy-

acetylene torch.

5. The welded holes are reamed to standard size with a taper bridge reamer in a

drill press.

6. The bolts are gaged with limit-of-wear snap gages shown at the bottom of Fig. 29.

If they are worn less than 1/64 in. undersize in any direction, they are classified as "Fit"

and re-used.

Switches

1. The points of switches which have a small piece broken off the end are ground

with a portable grinder.

2. If the point is badly broken or the switch badly worn, the reinforcing bars and

clips are removed and used for new or reclaimed switches.

3. Worn 16-ft. 6-in. switches are scrapped.

4. Worn 22-ft. or 30-ft. switches are cut back to 16 ft. 6 in. or 22 ft. and replancd

by the mechanical department.
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^9 ^

Fig. 31.—Bolt Hole Limit-

of-Wear Gage.

^-^^S^

Fig. 32.—Gage for Measuring Distance Between Holes in Rods.

S. The bolt holes in the clips are gaged by a flat plug gage shown in Fig. 31. This

gage has three diameters, namely, nominal bolt size, 1/32 in. oversize, and 1/16 in. over-

size. If the hole is not worn more than 1/32 in., it can be re-used for the No. 1 rod.

If the hole is not 'worn more than l/l6 in., it can be re-used for any other rod

except the No. 1. If the hole is worn more than 1/16 in., it is built up by welding and

reamed to standard size.

Switch Rods

1. Switch rods are cleaned and inspected. If they are badly rusted, they are scrapped.

2. The bolt holes are gaged with a flat limit-of-wear plug gage as shown in Fig. 32.

If the holes in the No. 1 rod are worn less than 1/32 in. in any direction, the rod is

classified as "Fit". More wear in the holes in the other rods will not do as much harm

and, therefore, these rods having holes worn less than 1/16 in. are classified as "Fit".
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Fig. 33.—Bolt Cleaning Machine.

Fig. 34.—Two-Spindle Bolt Threading Machine.
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3. Open-side clips are used on switches. It is very important that the distance

between the holes in the rods be accurate so that the switch will fit properly. The dis-

tance between holes is checked with the gage shown in Fig. 32. This gage has two flat

plugs 1/32 in. narrower than the diameter of the holes. The plugs are riveted to a 1-in.

square bar so that the distance between the centers of the plugs is the correct distance

between the centers of the holes. If the distance between the holes is more than 1/32 in.

greater, or 1/32 in. less than standard, both plugs will not fit into the holes. Plugs for

the correct hole centers for the No. 2, 3, 4, and 5 rods for a 30-ft. switch are riveted

to the four sides of the same square bar. The length of the switch, rail section, and the

number of the rod, are stamped on the corresponding sides of the square bar. Six bars

are required for the 17 different hole centers of the various switches, including spring

switches with heavy reinforcing bars.

4. If the holes in the rods are worn too much or the hole centers are not correct,

the holes are built up by welding in the positioner shown in Fig. 30.

5. The holes are reamed in a jig to standard size, with the correct distance between

holes. The drill bushings are adjustable and held by pins for the proper hole centers of

various rods.

6. Insulation is replaced if necessary. The heads of the bolts are placed in a fixture

to keep them from turning. The gage that is used for checking the hole centers is also

placed in the holes in the rods to hold them at the correct centers while the bolts are

being tightened.

7. The holes in obsolete rods are welded solid and new holes are drilled to correct

dimensions to permit their use for standard switches.

Track Bolts

1. Bolts are sorted by diameter and length.

2. Bolts are cleaned by a wire brush on the left-hand end of the machine shown in

Fig. 33. The rest is provided with an adjustable shoulder which holds the bolt against

the wire brush. One man can clean 300 bolts per hour.

3. The threads are re-cut on a two-spindle bolt threading machine shown in Fig. 34.

The bolt shown on the left-hand side is being held by the oval neck in the vise so it

cannot turn but still allowing it to float so that the dies will follow the old thread. The

threads are checked at frequent intervals with a basic ring thread gage shown in Fig.

3S-d and the dies adjusted so that the gage will just screw on with a very small shake.

This machine will thread 200 bolts per hour.

4. The outside of the nuts are cleaned with a wire brush on the right-hand end of

the machine shown in Fig. 33. The threads are cleaned by the small wire brush on the

end of the spindle. One man can clean 300 nuts per hour.

5. The nuts are re-tapped in the eight spindle semi-automatic nut tapping machine

shown in Fig. 36. The taps feed through the nut by gravity. When the tap passes

through the nut, a cam on the back of the machine raises the tap so that another nut

can be placed under it. When six nuts have been tapped, the top nut hits a bushing

in the chuck which releases the tap as shown on the left-hand spindle. The operator

removes the tap and turns it upside down and the nuts fall off. The operator then

replaces the tap in the chuck with the spindle running. The cams raise the taps in suc-

cession from left to right so the operator has time to insert the nuts under each spindle.

The rust in the nuts is very abrasive and will wear out the taps very quickly unless

they are flooded with cutting oil. This machine will tap 600 nuts per hour.

6. The bolts and nuts are placed in the vat shown in Fig. 37 and metal preservative

oil containing 45 percent asphalt is forced by air pressure from a reservoir into the vat

and then allowed to drain back into the reservoir by gravity.
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7. The nuts are screwed on the bolts and placed in kegs.

Fig. 35-a shows a bolt and nut as received from the field. Fig. 3S-b shows a bolt

and nut after cleaning with the wire brush. Fig. 35-c shows a bolt and nut after

re-threading.

The Norfolk & Western uses "finger fit" nuts on track bolts which is approximately

an American Standard Class 2 fit. It has been found that "finger fit" nuts used with

proper spring washers do not "back off" until the tension in the bolt is so low due to

the wear of the fishing surfaces of the joint that the bolt would not function properly

in any case. It is impossible to get uniform bolt tension with the wrench fit specified in

the AREA specification for track bolts because of the large variation in the friction of

the threads in various bolts and nuts. Some of the power track wrenches which "kick

off" at a predetermined torque have been condemned because they did not give uniform

bolt tension when AREA specification bolts were used. A much more uniform bolt tension

can be obtained with these machines if "finger fit" nuts are used and the threads are

lubricated.

The crest of the threads on the bolts should not bear on the roots of the threads

in the nuts. The American Standards for 1^-in., Class 2 fit, hot rolled thread bolts will

permit the major diameter (outside diameter) to be 0.024 in. less than nominal. The

major diameter of reclaimed bolts is somewhat less than nominal but the thread still

has sufficient strength so that it will not strip if the nut is not tightened to give an

excessive tension.

The fit of the sides of the threads of a bolt in a nut is very important. For inter-

changeable assembly by hand, the pitch diameter of the bolt should never be greater

than basic. The thread on a bolt should be cut small enough so that a "Go" thread

ring gage (pitch diameter equals basic) can be screwed on by hand. For new bolts, the

threads should not be small enough so that the Class 2 fit "Not Go" thread ring gage

will screw on. In recutting the threads on old track bolts, the crests of the threads on

the dies wear more rapidly due to the fact that the rust in the roots of the threads is

extremely abrasiv-e. However, the minor diameter of the threads on the bolts can be

considerably larger than basic before it will interfere with the crest of the thread in the

nut since the nuts are drilled considerably larger than basic. When the dies wear, the

pitch diameter increases. If the dies are adjusted at frequent intervals so that the "Go"

thread ring gage will screw on with very little shake, the bolts will have a fit better

than Class 2.

The major diameter of new taps is considerably larger than basic, but the crests of

the threads on the taps wear very rapidly due to the abrasion of the rust in the roots of

the threads in the nuts. However, the major diameter of the taps can wear considerably

less than basic before the root of the thread in the nut interferes with the major diameter

of reclaimed bolts which is almost always considerably less than basic on account of

rusting. For strictly interchangeable assembly, the pitch diameter of the threads in the

nuts should be checked at frequent intervals by means of a "Go" plug thread gage (pitch

diameter = basic) . When the "Go" plug gage will not screw in the nuts, the taps should

be discarded. If the nuts are to be selectively assembled immediately with the bolts, a

plug gage need not be used and the taps may be continued in use until the nuts are so

small they will not screw on the bolts by hand.

For further information on fit of threads see ASA Bl.l'-1935 American Standard

Screw Threads; ASA Bl.2-1 941 Screw Thread Gages; and ASA B5.4-1939 Taps, Cut

and Ground Threads.
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#«••
Fig. 35a.—Bolt and Nut as Received

from Field.

Fig. 3Sb.—Bolt and Nut After

Cleaning with Wire Brush.

»%»«iij*»jfc*>)#fe«e-«*« >

Fig. 3Sc.—Bolt and Nut After

Re-threading.

~ "•~T?»E<7*ii'?-J

^
Fig. 3Sd.—Basic Ring Thread Gage.
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Fig. 36.—Eight-Spindle Semi-Automatic Nut Tapping Machine.

Fig. 37.—Nut and Bolt Preservative Oil Vat.
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Fig. 38.—Rail Sawing and Drilling Plant.

Fig. 39.—Semi-Automatic Hydraulic-Feed Power Hack Saw.
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The N. & W. does not re-cut the pitch diameter of the threads undersize; only the

rust and burrs are removed so that the nuts can be screwed on by hand. The fit of the

reclaimed bolts is better than a Class 2 fit and the threads are smoother than the hot

rolled threads on new bolts. The bolts and nuts are dipped in metal preservative before

assembly. A more uniform initial bolt tension with power wrenches is secured and the

threads do not rust inside the nut; consequently more uniform tensions are obtained

when the nuts are re-tightened.

Sawing Rails

Rails are not cut with an acetylene torch or a friction saw to avoid the formation

of thermal cracks in the hardened surface. Rails which have battered ends are not

cropped because it is almost impossible to match the height of the worn ends. It is

better to build up the ends and grind them after the rail is relaid. A few rails which

are split on the end can be reclaimed by sawing. It is planned to ship the short rails

from the mill to the material yard to be sawed and drilled to fit switches.

Fig. 38 shows a plant for sawing and drilling rails. The rails are placed by a crane

on the rail skids at the left-hand end, and are then pushed sidewise from the skids on

to ball bearing rollers. The rails are pushed longitudinally to the semi-automatic hydraulic-

feed power hack saw in the left-hand building shown in Fig. 39. This machine will saw

a 131-lb. rail in about seven minutes. The saw blades will make about 20 cuts before

they become too dull. Used rails are slotted with a S/32-in. grinding wheel by a portable

electric driven machine, shown in Fig. 40, to remove the cold rolled surface. This increases

the life of the saw blades greatly.

The rails will then be pushed on the rollers to the right-hand building which will

contain two horizontal semi-automatic hydraulic feed motor driven drills which are

being built mostly out of stock parts. The left-hand machine will drill the holes in the

right-hand end of the last rail while the right-hand machine drills the left-hand end

of the preceding rail. Two single spindle drills will drill the three holes in a rail in less

time than required to saw it.

The rails are then pushed sidewise on to the skids at the right-hand end where

they can be picked up by a crane.

Flame Cleaning and Oiling Rails and Joint Bars

Considerable trouble has been experienced with head and web separations in tunnels

and paved road crossings. Measurements on other railroads have shown high tensile

stresses in the web at the fillet on the underside of the head in 131-lb. RE rails due to

eccentric vertical loads. In most cases in open track, this stress is not sufficient to cause

cracks in the web. However, corrosion will cause stress concentration which will start

fatigue cracks. Corrosion of rails is much greater in tunnels and paved road crossings

than at other locations. Fig. 41 is a rail removed from a tunnel, showing the fatigue

cracks starting from corrosion at the fillet on the underside of the head.

The N. & W. has been spraying rails with metal preservative oil in tunnels after the

rail had been laid for many years. The oil retarded corrosion but the film peeled off

in a short time and it was impossible to spray under the base or behind the joint bars.

Fig. 42 shows a close-up of a rail one month after it was received from the mill, on

which may be noted loose blisters of mill scale. When these bhsters are removed there

is indication of moisture starting corrosion under the blisters. If the rail is coated with

any kind of preservative film over the mill scale, eventually the mill scale will peel off

and take the film with it. Furthermore, unless the mill scale and rail are completely

dehydrated, moisture will be sealed under the coating and corrosion will take place.
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Fig. 41.—Fatigue Cracks in Fillet of Rail
Removed From a Tunnel.
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Fig. 42.—Mill Scale on Rail One Month After Received from Mill.
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Fig. 44.—Machine with Four Oxy-acetylene Flame Cleaning Heads.
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Fig. 4Sa.—New 131-Lb. 36-In. Joint Bar with Heavy Coat of Scale.

Fig. 4Sb.—New 131-Lb. Joint Bar After Flame Cleaning.

Fig. 45c.—Mill Scale Removed from
New 131-Lb. Joint Bar.
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It would be very difficult to remove the mill scale by wire brushes and the moisture

would still remain. To remove the mill scale by sand blasting would be very expensive,

and corrosion would start immediately.

Flame cleaning with an oxy-acetylene torch is a very effective method of removing

miU scale. The high temperature of the oxy-acetylene flame expands the mill scale and

causes most of the scale to pop off. Any tightly adherent scale which does not come off

is completely dehydrated so that it will not cause corrosion. It is extremely desirable to

use a high velocity flame at an angle with the surface to blow the scale away as it

breaks loose.

Tests were made with four wide-flame cleaning heads that have small jets on ^-in.

centers attached to hand welding torches as shown in Fig. 43. These heads do a very

good job of removing the scale, but the method is very slow and the whole rail is not

heated sufficiently to drive off the moisture before it can be sprayed with oil.

To meet this situation an experimental machine has been built for flame cleaning

and spraying rails, through which the rails are pulled on ball bearing rollers by a winch.

Fig. 44 shows four oxy-acetylene heads having a large number of jets which completely

cover the cross section of the rail. After the rail leaves the flame cleaning heads, it passes

through a number of fixed wire brushes which remove any loose scale. The rail while

still hot passes through four spray heads which cover the rail with metal preservative

oil containing 45 percent asphalt. The heat in the rail accelerates the drying of the oil.

A 39-ft. 131-lb. rail can be flame cleaned and oiled in five minutes. The railroad is also

building a machine with motor-driven live rollers which will speed up the work. The

intent is to flame clean and oil all rails to be used in tunnels or road crossings before

laying.

There has been trouble with corrosion of joint bars in tunnels and road crossings;

a large amount of mill scale has been found on new joint bars which causes loose joints

and accelerates corrosion. Some joint bars have been flame cleaned with hand torches.

The mill scale on heat treated bars is comparatively loose due to the oil quenching.

Flame cleaning removes practically all the mill scale. Fig. 4S-a shows a new 131-lb. 36-in.

joint bar. This bar had an unusually large amount of mill scale. Fig. 4S-b shows the

joint bar after flame cleaning. Fig. 45-c shows 1 lb. 9 oz. of mill scale removed from

all the surfaces of this joint bar. Some of the mill scale was 0.050 in. thick. The average

amount of mill scale removed from new joint bars by flame cleaning was about 3j4 oz.

This scale is very abrasive. It is believed that proper flame cleaning to remove the mill

scale on the fishing surfaces of rails and joint bars will reduce the loss of bolt tension,

and the intention is to flame clean and spray joint bars in the same machine used for rails.

Conclusions

It is not claimed that the methods in use by the Norfolk & Western are necessarily

the most efficient but they have been satisfactory. This description may encourage other

railroads to reclaim many items. It is hoped that any railroad which has developed more

efficient methods, or reclaimed other items, will give the other railroads the benefit of

its experience.



Experience with Corrugated Rails in Australia

By G. E. Cowdery
Inspecting Engineer for Welded Track, Way and Works Branch, New South

Wales Railways, Sidney, N. S. W.

As it has been with some other railway systems, the corrugation of rails has long

been a problem for the New South Wales Railways, with its attendant noisy discomfort

to railway travelers and difficulties in maintenance.

Nowhere has corrugation manifested itself more persistently or seriously than be-

tween Hornsby and Newcastle on the Northern hne, a distance of 83 miles. This track

carries the fastest and densest traffic on the system, all hauled by steam locomotives.

It was here that my attention was drawn to certain apparently curious facts, and most

of the subsequent investigation was carried out on this 83 miles. The condensed profile

of the line will give some idea of the type of railroad. The maximum speed allowed is

70 m.pJi. with reductions for curves, the lowest maximum being 34 m.p.h. for a radius of

11 chains (7 deg. 53 min.). Each curve is superelevated to suit the weighted mean speed.

Table 1 shows the degree of curvature for curves of various radii expressed in chains.

The grades are shown as one in so many. For instance, 1 in 80=: IJ^ percent.

Table 1.

—

Degree or Curvature in Terms of Radu in Chains

Radius, Chains
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In 1937 continuous welding in the track was commenced on all tangents and curves of

18 chains radius (4 deg. 49 min.) or flatter. This work was interrupted by the war,

but not before about 40 route miles were completed.

Corrugation Noted in 1942

Late in 1942, I noticed that, in some locations, there was a great variation in the

amount of corrugation in adjacent rails and also that, although much of the down line

had very heavy corrugation, there was Httle or none in the up line. These two matters

seemed worth investigating.

Accordingly, in 1943, I made close observations of the welded track between Hornsby

and Newcastle. I found on the down line that most of the tangent track and the flat

curves were seriously corrugated, the severest condition being observed where the speed

of all trains was high, and that there was less corrugation, or none at all on the steep

up grades and none on the curves of 32 chains radius (2 deg. 43 min.) or less. On the

up line I found no corrugation from Newcastle to Wyong (42 miles), some slight cor-

rugation between Wyong and Gosford (12 miles) and somewhat more between Gosford •

and Hornsby (29 miles).

Comparing the two lines, many stretches are comparable in the age of the rails,

the train speeds and the number of trains passing over them. Therefore some difference

between the down and up lines had to be sought and this was found in the nature of

the goods traffic. Investigation shows that the down line carries many more empty or

lightly loaded trucks than the up line, while most of the trucks on the up hne carry

full tonnage loads. I reached the conclusions, therefore, that lightly loaded vehicles induce

corrugation quickly and that heavily loaded ones do so very slowly or not at all. With

respect to the varying amounts of corrugation found in the three sections of the up line

mentioned above, more empty trucks travel from Wyong to Gosford than from Newcastle

to Wyong, and still more from Gosford to Hornsby.

An analysis of goods traffic between Hornsby and Newcastle for the year 1941 is

given in Table 2. Although the amount of traffic varies from year to year, the items

retain similar proportions. The number of passenger trains is almost exactly balanced

for the down and up journeys.

Table 2.

—

^Analysis of Traffic Between Hornsby and Newcastle in 1941

Direction
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Table 3. -Summary of Observations Showing Relation Between Hardness of
Rails and Amount of Corrugation

Hardness Number
of

Rails
Nil
0%

Very
Slight

10%

Comparative Amount of Corrugation

Slight

20%
Light
40%

Fairly
Heavy
60%

Heavy
80%

Very
Heavy
100%

Up. 26-36 to 26-74* Laid in 1937 360-ft. welded lengths

Laid in 1935 225-ft. welded lengths

Down. 45-24 Ji to 45-59 Laid in 1935 225-ft. welded lengths

Up. 48-78 to 49-47%. Laid in 1934. Continuous welding

Up. 51-64J^ to 52-U14 Laid in 1935 225-ft. welded lengths

Down. 67-78}^ to 68-43H Laid in 1941 360-ft. welded lengths

Down. 114-00 to 1 14-79 Ji Laid in 1935 225-ft. welded lengths

* " 26-74 " means 74 chains beyond mile post 26.

Average
Percent

Hard
Medium
Soft
Very Soft
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noted, the rolling mill test sheets were examined and the rails were divided into five

classes of hardness, viz. very soft, medium, hard and very hard.

In doing this, the drop test result was used in conjunction with the chemical

analysis. A drop test is carried out on every ingot, and is therefore much more exhaustive

than the single chemical analysis per heat, and gives a true indication of the hardness

quality of the rails. As demonstrated in Table 3, I found that very hard rails corrugate

quickly and most severely, very soft ones slowly or not at all, while rails in the hardness

range between these extremes show a corresponding development. The comparative

amount of corrugation was assessed for each rail by inspection. As each mileage inves-

tigated carries a different degree of development of corrugation, no good purpose will

be served by summing and averaging the results.

On most mileages the speed of all goods trains is the maximum allowable, 35 m.p.b.

Remarks on each mileage are as follows:

Up. 26'-36 to 26-74.** This has the least corrugation of the mileages chosen

and may be classed as "beginning to develop".

Up. 45-24% to 45-59 and down 45-24^ to 45^-59. Goods trains run, on the

average, at less speed on the down than on the up track.

Up. 48-78 to 49-47-^^. This mileage is the original experimental continuous

welded track.

Up. 51-64^^ to 52-14 J/2. This is opposite one of the heaviest stretches of

corrugation on the down track between Hornsby and Newcastle. Both tracks were

relaid at the same period.

Down. 67-7834 to 68-43J4. This mileage was seriously corrugated 17 months

after relaying. It is an outstanding example of the speed at which corrugation

develops in hard rails. Half the mileage is on a curve, radius 40 chains (2 deg.

10 min.). A number of "oven cooled" rails are included, but no variation in cor-

rugation is evident because of this feature. The small discrepancy compared with

the other mileages, shown in the average corrugation of the medium rails, might

well have been eliminated had there been more medium rails.

Down. 114MD0 to 114-79-^. This mileage is north of Newcastle where traffic

is not quite so dense, but has been included because the rails have an exceptionally

wide range of hardness. The very hard rails in this mileage are probably the

hardest ever accepted here.

Other Facts Observed

Some other facts were noted during the inspection. Generally the corrugations are

distinct on the tangents, but where they occur on the curves, they are fairly distinct on

the low rail, but have a blurred appearance on the high rail, the corrugations in many
cases being joined by a polished ribbon giving a scalloped effect. The flatter the curve,

the more distinct and heavier are the corrugations on both rails. It was also noticed

that at both ends of sharp curves, the corrugations disappear in the transitions on the

high rail about one chain before they do on the low. These two variants may be due

to wheel slip. The relations of wheel slip, superelevation and variable speeds may account

for the lack of corrugation on sharp curves.

Another variation was noted. Notwithstanding favorable conditions, corrugations do

not form in the track a few chains before a station is reached, nor at the platforms, even

though only a few trains stop each day at the station. This may be due to the application

of brakes.

"26-74" means 74 chains beyond Mile Post 26.
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Ser/es I ' Series 2

Section Tilrough Crest

Series 3 Ser/es 4
Zia £,,,278

243 "^,,,248
233 t 4 237

r
a2/9 ^i 22/

2/9

5ect/o/i Througfi Trough

Vickers Hardness Readings on Cross Sections of the Rail at Various

Depths Below the Surface.

hardness tests were made at various distances below the surface on cross sections through

both crests and troughs. As will be observed in the cross section sketches, the hardness

decreases fairly uniformly to about Y^ in. below the top, and at 54 ii*- is the same for

all sections. It seems that corrugations are therefore confined to near the rail surface.

New unused rails were ground on the top of the head with a rail plane to see if there

was any evidence of the presence of corrugation that could be ascribed to the rolls. No
sign whatever of corrugation was found.

The following are the conclusions arrived at:

1. Corrugation develops very rapidly on those tracks where the proportion

of lightly loaded goods vehicles is high compared to those with full tonnage loads,

and very slowly or not at all where almost all the goods vehicles carry full tonnage
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loads. An investigation of the motion of the wheels of goods vehicles on the rails

in relation to spring movements may reveal the reason for this. No suitable

equipment is now available here for this.

2. Within the limits of the present rail steel specification, hard rails corrugate

very quickly and heavily, the softer rails more slowly and the very soft ones very

slowly or not at all. This conclusion should be read in relation to Conclusion 1,

for it is probable that under traffic conditions similar to those between Hornsby

and Newcastle, very soft rails will eventually corrugate in the down line, though

slowly, and in the up line, possibly not at all.

The chemical limitations in the Australian specifications for rail steel are as follows :t

Percent
Minimum Maximum

Carbon 0.62 0.75

Manganese 0.60 0.90

Silicon 0.10

Phosphorus 0.04

Sulfur 0.07

3. Higher speeds induce corrugation more quickly than lower speeds, and if

the maximum attainable speed be low enough for goods trains over any particular

mileage, corrugation will not appear at all, notwithstanding any unfavorable

condition as set out in Conclusions 1 and 2.

4. Under traffic conditions similar to the down line between Hornsby and

Newcastle curves of radius 32 chains (2 deg. 43 min.) or sharper do not cor-

rugate, and those of 40 chains radius (2 deg. 10 min.) or flatter, all corrugate

unless the speeds be very low or the rails very soft.

5. When a small proportion of trains stop at stations or other places, cor-

rugation does not develop at such places.

6. Rails do not corrugate under electric traction in this state. Electric traction

is only in use in the Sydney metropolitan area for passenger traffic. Electric

locomotives are not used, the cars having single motor drives. ("Saddling" does

occur but this should not be confused with corrugation).

7. Mechanical joints, high welds, or other rail surface irregularities do not

contribute directly to the development of corrugation.

8. The rate of development of corrugation is not influenced by the welding

of rails either in short lengths or continuously, and unwelded rails show no differ-

ence in the amount and rate of corrugation compared with welded ones.

9. Laboratory hardness tests show that corrugation is on or near the surface

of the rails.

10. The only method of removing corrugation already developed is grinding,

and, to be effective, must be deep enough to reach the homogeneous part of

the rail head.

t The chemical composition of steel given in AREA Specifications for Open-Hearth Steel Rails (of
comparable weights) is as follows:

Constituents Weight in Pounds per yard
85-100 101-120

Carbon 0.64-0.77 0.67-O.80
Manganese 0.60-0.90 0.70-1.00
Phosphorus, not to exceed 0.04 0.04
Silicon 0.10-0.23 0.10-0.23
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11. There is no relation between the quality of the track formation and the

development of corrugation. Under the same traffic and rail hardness conditions,

there is no difference in the amount and rate of development, whether the forma-

tion be on a bank or in a cut or composed of hard rock, shale or clay.

Discussion

Upon the receipt of Mr. Cowdery's paper it was submitted to Mr. W. H. Penfield,

chairman of the Committee on Rail, and because of the bearing of the subject of this

paper on one of the assignments to that committee, he sent copies of the manuscript to

members of the committee and others with a request for comments. The comments

received are reproduced below.

Surface Hardness Influences Interpretation

By Ray McBrian
Engineer of Standards and Research, Denver & Rio Grande Western Railroad, Denver, Colo.

The report as presented by Mr. Cowdery is interesting, and his observations relative

to hardness and hard and soft rails, offer an interesting subject for further study and

observation. If it had been possible to have secured and included in the data presented,

the surface hardness of the rails as laid in track and if metallographic studies could have

been made as to the depth of surface decarburization, also as to whether or not total

or partial decarburization was present, some light on the metallurgical aspects in the

corrugation problem might have been available.

We do know that with the carbon range permitted in the rail specifications, fairly

wide ranges of hardness do occur. We have also found that Brinell hardness tests do

not tell the story, especially when thin layers of soft decarburized material are present.

That soft rails do not corrugate and what he has termed very hard rails do corrugate

may or may not be true. If there has been a wide variation in the skin material, that is,

from a soft decarburized skin to a skin in which decarburization is very slight, and

subsequent cold working in the troughs formed by corrugations, hardness tests would

be expected to be variable. Under the conditions in which the test was made and in

absence of any definite information on the metallurgy of the surface of the rails as laid,

I believe it is a fallacy to state definitely that hard or soft rails are a factor. The paper

does, however, offer thought for study as to the effect of the condition of the surface

material in the possible formation of corrugations.

The Conclusions Could Be Checked

By W. C. Barnes

Engineer of Tests, Association of American Railroads, Chicago

The conclusions arrived at in this paper are that corrugation is confined to or

develops most quickly where the traffic consists in large proportion of lightly loaded flat

cars, where speeds are high, where rails are in the upper range of hardness with a carbon

range of 0.62 to 0.7S, where the curvature is 2 deg. 10 min. or flatter, where there is little

or no stopping of trains, and that it is independent of the kind of roadbed.
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If the conclusions in the paper are correctly drawn it would appear that the vibra-

tion of the unsprung weight of wheels, axles, etc., might be the cause, when such vibra-

tion is in tune with the period of vibration of the rails. A possible explanation of why

the paper reports less corrugation with heavily loaded cars and on sharp curves might

be that the vertical loads on the wheels would be greater under those conditions and

the period of vibration of the unsprung wheels and axles altered. I doubt very much

whether the same results would be obtained on roads in the United States where the car

construction, weights, etc., are different.

It would not be a very difficult matter to check some of the conclusions arrived at

in the paper by examination of corrugation existing on some U. S. road.

A Variety of Conditions May Be Responsible

By C. J. Code

Engineer of Tests—M. W., Pennsylvania Railroad, Altoona, Pa.

It is obvious that the conditions on the railways of New South Wales are quite

different from those encountered on most American railroads, particularly our heavier

traffic lines, and it is to be expected that the conclusions reached in such territory in

regard to corrugation would be very different from those which might be reached after

observation over a period of several years on a Hne such as ours. We have made no

detailed study of corrugation and can only comment upon the subject as a result of

general observation over a period of years.

Our first observation of corrugation occurred under conditions diametrically opposite

to those mentioned by Mr. Cowdery. This was on the low side of curves of 12 to 16

deg. in territory where the speed was IS to 20 m.p.h. The traffic was predominately

bituminous coal in cars of 100,000 to 140,000 lb. capacity, with a traffic density of three

or four hundred loaded cars per day. The corrugations were deep and relatively long as

compared with the ones we find on high speed tangent track, and produced a rough ride

and difficult maintenance conditions. The conditions approximate those described by

Mr. Phillips on the Delaware, Lackawanna & Western Railroad.

Corrugation on high speed tangent track did not come to our attention until a good

many years later, but it is just as serious or perhaps a more serious problem because of

the effect on passenger trains at high speed. This corrugation occurs under conditions

more nearly like those described by Mr. Cowdery.

We have had good results with our rail grinding cars in removing corrugation, and

while the corrugations do return under some circumstances, I think I am safe in saying

that they do not ordinarily return to a serious extent in less than two or three years.

About two years ago the inspectors found that the rail of one heat was corrugated

before it left the mill. It was accepted as No. 2 rail, and was ground with the grinding

cars shortly after laying. Upon inspection recently the corrugations were definitely

reappearing. This was on tangent track in 40 m.p.h. territory where the traffic is probably

around 20 million gross tons annually, with 10 or IS passenger trains daily.

Mr. Graham describes a condition he found in high speed tangent track where one

heat was corrugating and another heat of the same rolling was not. We recently inspected

a location where it was said that corrugation had developed in more than one laying of

rail. At this location rails of the same heat were found corrugated on tangent and not

corrugated on the adjacent two-degree curve.

It seems obvious that corrugation develops from a variety of causes and under a

great variety of conditions. Mr. Cowdery's observations were made under too limited
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conditions to justify general conclusions, although his careful observation of the exact

conditions under which corrugation occurred in the territory investigated constitutes a

real contribution to the study of corrugated rails.

One would probably be justified in concluding that the various primary causes of

corrugation result eventually in plastic flow of the rail metal near the surface. This may

take place in the mill or it may take place in track, if sufficiently high concentrated

pressures are developed. These high pressures may be developed at low speed on the

low side of heavily elevated curves under heavy wheel loads or they may be encountered

as a result of vibratory conditions under high speed movement of relatively light loads.

Need for a Comprehensive Study Is Indicated

By F. M. Graham
Retired Assistant Engineer of Standards, Pennsylvania Railroad, Whitley, Ind.

Rail corrugations occur more or less generally on all American railways. The cause

of corrugations and conditions under which they have been produced have never been

determined in a satisfactory manner. No exhaustive study of this subject has been

undertaken.

The nearest approach to a determination of the cause of rail corrugation was made

by Dr. J. N. Goodier at Cambridge, England, several years ago under the direction of

C. E. Inglis. This investigation included the laboratory production of corrugations in

small rails using soft metals, but the conditions of producing these corrugations were

quite clearly defined and in his report, the corrugations were shown by photographs.

It has been observed by the writer that corrugations occur under widely different

conditions, such as on tangent, curves (high and lows rails), at high and low speed

points, on light and heavy rails, on passenger and freight tracks, together with other

variants.

There is no record of attempts to prevent corrugations, but various attempts have

been made to remove corrugations by abrasive means, but where corrugations have been

so removed, no reports are available as to whether the corrugations recurred and, if so,

whether they were in the same identical locations. The writer has made some small

studies of this subject, including the use of rails with soft surface obtained by having

the blooms run through the reheating furnace a second time, producing a measurable

softening of the surface of the rails. These rails with comparable unsoftened rails from

the same heat, were placed in a high speed track, but no corrugations were developed.

Several 131-lb. new rails of a certain heat were found to be definitely corrugated within

two weeks after being laid in tangent track while adjacent rails of a different heat laid

the same day showed no trace of corrugation.

Highly magnified profiles of corrugations revealed that the crests were quite flat

and bright, and under the microscope the crests showed a fine longitudinal abraded

appearance.

There is some evidence that short stretches of corrugations are initiated by rail

joints or defects in the surface of the rail.

The writer is inclined to believe that any differences in the measured hardness of

the top of the rail at crests and troughs is a result rather than a cause of corrugation,

as the cold working of the surface by the wheels produces a general hardening and with

a local increase of hardness at the crests where the wheel action is the most severe.

In general, at a particular location, the spacing of the crests is fairly uniform, but

varies quite widely from exactly uniform spacing. There must be a definite cause for
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the variations of the spacings at different locations from an average spacing of perhaps

an inch to several inches.

A considerable amount of study of corrugation has been made by Dr. J. S. Unger,

formerly manager of the research bureau of the Carnegie Steel Company and by the

street railways, on which the conditions are quite aggravated.

There is evidence that the corrugations of rails are self limited as to depth. This

may be due to the fact that at a particular speed the wheels cannot fall so as to strike

the bottoms of the troughs.

With the above miscellaneous thoughts in mind, it is the feeling of the writer that

Mr. Cowdery has not made a careful study of the cause and mechanics of rail cor-

rugation, but has contented himself with rather general observations which do not lead

to the assignment of a definite cause or causes of corrugations and their possible elim-

ination. It is the suggestion of the writer that a comprehensive study of corrugations

be made and that it include at least the following items:

1. Repeat and expand the work done by Dr. Goodier, expanding it, if pos-

sible, to include the corrugation of steel in the laboratory.

2. Make enlarged precision profiles of actual corrugations where the spacings

and depths are various and make calculations as to the path of car wheels under

various loads passing over the corrugations at various speeds.

Approximate the average speed of trains passing over corrugations, endeavor-

ing to establish any existing relation between spacing, depth and shape of cor-

rugations, compared with the train speed and average wheel loads. The hardness

of crests and troughs, together with the chemistry of steel should be noted.

3. Where new rail is to be laid, replacing existing corrugated rail, a careful

survey should be made of the rail to be replaced, noting the location, depth and

spacing of corrugations, also the age of rail and character of traffic.

As the new rail is laid, a daily inspection should be made to show the

initiation and spacing of any corrugations, also, whether such incipient corruga-

tions are confined to particular heats and, if so, the hardness and chemistry of

such heats should be determined.

Continued inspections should be made to observe any new stretches of cor-

rugations, also any changes in the spacing and depth of corrugations.

4. If practical, dynamic strain gage measurements of stresses in corrugated

and non-corrugated rail should be made at various train speeds. In all test work,

the character of the track structure and ballast should be noted. The locations

of rail joints with respect to the beginnings and ends of corrugated stretches

should be noted.

5. It is possible that there is some relation between the natural frequency of

vibration of car wheels or the natural frequency of torque vibrations of car axles

and the number of corrugations passed over per second at the usual speed of trains.

Such frequencies can be easily determined.

It is not believed that there is any relation between corrugations and car springs

or roll gears in rail mills. It may be that the production of corrugations is somewhat akin

to chattering of tools in machining metals.

Assuming that the exact manner and cause of producing rail corrugations be deter-

mined, it would not seem practical to make any change in rails or rolling stock to correct

this trouble.
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It is rather indicated that the cause of corrugations is to be found in the track

structure below the rails, as generally the identical rolling stock and rail are used in

corrugated and non-corrugated stretches.

It may be that tight gage (say 4 ft. 8% in.) might tend to reduce the tendency

to corrugate.

His Conclusions Warrant Careful Study

By A. N. Reece
Assistant to President, Kansas City Southern Railway; Louisiana & Arkansas Railway,

Kansas City, Mo.

In Mr. Cowdery's report he brings up the following pertinent points:

1. That the down line carries many more empty or lightly loaded trucks

than the up line while most of the trucks on the up line carry full tonnage loads,

from which he reached conclusion that lightly loaded vehicles induce corrugation

quickly and that heavily loaded ones do so very slowly or not at all.

2. The great proportion of goods and stock vehicles are of the four-wheel

type with various axle loads with a maximum of 17^ tons (long). The springs

are side-bearing, laminated, semi-elliptical.

3. It was found that very hard rails corrugate quickly and most heavily, very

soft ones slowly or not at all, while rails in the hardness range between these

extremes show a corresponding development.

4. Half the mileage having the most corrugation is on curves with a radius

40 chains (2 deg. 10 min.) ; a number of "oven cooled" rails are included, but no

variation in corrugation is evident because of this feature. The small discrepancy,

compared with the other mileages, shown in the average corrugation of the medium
rails, might well have been eliminated had there been more medium rails.

5. Generally the corrugations are distinct on the tangents, but where they

occur on the curves they are fairly distinct on low rail but have a blurred appear-

ance on the high rail, the corrugations in many cases being joined by a poUshed

ribbon giving a scalloped effect. The flatter the curve, the more distinct and heavy

are the corrugations on both rails, it being noticed that at both ends of sharp

curves the corrugations disappear in the transitions on the high rail about one

chain before they do on the low. These two variants may be due to wheel slip.

The relations of wheel slip, superelevation, and variable speeds may account for

lack of corrugation on sharp curves.

6. Notwithstanding favorable conditions, corrugations do not form in the

track a few chains before a station is reached, nor at platforms, even though only

a few trains stop each day at the station. This may be due to the application

of brakes.

7. Finally, corrugations develop slowly where the maximum speed of all goods

trains is low. This can be seen in many places where corrugations get less and less

towards the top of steep grades, in some places dying completely away where

speeds are very low.

It is principally from the above points that the conclusions 1 to 11 are drawn and

from the study of these conclusions I believe that they are logical and that from only

one study they probably set forth truly the reasons causing the corrugations of this

particular line. Under conclusion No. 11 it is stated there is no relation between quality

of track formation and the development of corrugation. Under the same traffic and rail
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hardness conditions, there is no difference in the amount and rate of development,

whether the formation be on bank or in a cut, or composed of hard rock, shale or clay.

Many of the conclusions are at variance with the studies made of this subject by

the Committee on Rail and in the last report with which I am familiar, Vol. 43, 1942,

page 604, it is stated that the information received does not' permit of any conclusion as

to the cause of corrugation, and theories as to the cause were advanced by only one

correspondent who expressed the opinion that vibration and oscillation of the cars were

contributing factors. It would appear, under the conditions cited by Mr. Cowdery, that

this bears out the principal features of his report. However, the conclusions reached by

the American Transit Association as the result of an exhaustive study, which were set

forth in the AREA committee report above referred to, page 604, fifth paragraph are as

follows:

The conclusions from this study are that the primary cause is overloading

of the rail surface, and that the resulting flow of the surface metal, rather than

abrasive wear, is the chief element in the formation of corrugations, this progres-

sive flow being caused by synchronous wheel pounding added to the aggregate of

those stresses which the rail is called on to bear.

I believe that Mr. Cowdery's analyses are of value and may lead to the discovery

of some of the primary conditions that are causing rail corrugation. However, it must

be borne in mind that the wheel loads involved in his observations are those on four-

wheel wagons with a greater space between axles than is the case with our own double-

truck cars and our heavier loads, which may not bear out entirely the conclusions or

suggested conclusions that he reached. Mr. Cowdery's analyses are of value and should

be given further study by the Committee on Rail, which will appreciate his continued

cooperation.

Softer Steel Is Not the Answer

By S. E. Armstrong
Engineer Maintenance of Way, New York Central System, New York

and C. B. Bronson
Inspecting Engineer, New York Central System, New York

The article on rail corrugations by Mr. G. E. Cowdery of the Australian Railways

has been read with interest.

In many respects the results differ materially from those found by the investigations

of the American Transit Association which were submitted to the Committee on Rail on

May 25, 1942. Of course the latter covered electric and not steam traction. For instance,

Mr. Cowdery reports a material difference in hardness between the crest and trough of

corrugations. Again the ATA places emphasis on the effect of heavy loads while Mr.

Cowdery states that light loads are accountable for corrugations. The ATA further sub-

stantiates its conclusion by stating that "when the localized stresses in the rail head

exceed 50,000 lb. per sq. in., failure in some form will result after a sufficient number of

applications of the load."

Again the ATA emphasizes that the type of steel required should have a high elastic

limit together with sufficient elongation to resist the work of rupture. Mr. Cowdery

makes a strong plea for steel on the "soft" side of the specification which is supported

by his data. This would be an improper step for American roads to take, due to our

heavier wheel loads, for while there might be some slight chance of reducing corrugations
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it would accelerate the rate of wear. Of the two, we could put up with corrugations

rather than sacrifice wear value.

In our experience, the most severe and extensive corrugations are in electrified terri-

tory, and in particular where we have rapid acceleration. In steam territory the cor-

rugations are about as prevalent on the tracks carrying heavy loads as on the light

traffic tracks, carrying the empties. This statement should not be taken to infer that our

rail is corrugated from one end of the system to the other, because only a small propor-

tion of the total rails in service is actually corrugated.

Mr. Cowdery's report, while interesting, is similar to all others so far studied in

that it sheds but partial light on the causes or possible remedy.

Suggests Synchronous Vibration

By H. H. Morgan
Manager Rail and Fastenings Department, Robert W. Hunt Company, Chicago

I have read this paper with very much interest. Mr. Cowdery is to be commended

for the valuable information he has given on his experience and his analysis thereof.

The synchronized vibration of the wheel and the rail and its effect on the contact

surfaces are plainly brought out in his experience. It is reasonably apparent that the

lightly loaded pedestal trucks operating at 35 miles per hour, are at a critical speed

producing wheel vibration synchronous with the rail. Where these conditions are most

prevalent the corrugation is most pronounced.

One condition developed in his investigation, however, seems to be contradictory

with our experience here—the degree of rail corrugation in relation to the hardness of

the individual rails. However, I am inclined to suspect that in the case of the so-called

softer rails, the passenger and such freight equipment as does not set up synchronized

vibration, may have more effect in ironing out (or hammering out) the corrugation

produced under synchronized vibration. Also, it is possible that the amount of wear on

the softer rail is such that the rail-to-wheel contact area is appreciably greater with the

softer rail than with the harder. In view of the above it would be very interesting to

me to learn from Mr. Cowdery, the actual degree or character of head wear in the softer

steel as compared with the harder steel in locations where other conditions are identical.

I suggest that periodically, the direction of traffic be reversed with a view to holding

the degree of corrugation under control.

That electric traction does not give trouble, as pointed out by Mr. Cowdery, is

doubtless due to irregular operation in metropolitan areas.

No Answer Has Been Forthcoming

By G. A. Phillips

Chief Engineer, Delaware, Lackawanna & Western Railroad, Hoboken, N. J.

Unfortunately, I have been associated with corrugated rail for the past 15 years,

both on the Lehigh Valley and the Delaware, Lackawanna & Western, and I have

never been able to ascribe any definite cause for it. The corrugation appears under all

conditions. We have it on level tracks, on descending grades and on ascending grades.

We experience corrugation on tracks where the proportion of light loads is high com-

pared with full tonnage loads. Corrugation also develops in certain locations where ton-

nage is extremely heavy and largely confined to loaded cars, although perishable ship-
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ments comprise a considerable portion of the loaded cars, which type of shipment is

considered a lighter load. We are not seriously troubled with corrugation on curves,

although curvature under two degrees shows some indication but not sufficient to disturb

the track structure.

We are considering the construction of a grinder car similar to that used by the

Pennsylvania Railroad. We do not consider the use of the grinder car a permanent cure,

but it will remedy the situation temporarily. (Where we have long stretches of cor-

rugation, it is impossible to keep the bolts tight; ties become loose, the track begins to

"pump" and vibration causes the ballast to become badly disturbed.) Naturally, cor-

rugation does not help the broken rail situation. We consider it serious enough to adopt

some remedy, even if temporary.

Based on my own experience, I offer the following comments on the conclusions

reached by Mr. Cowdery:

1. I would not say that corrugation develops more rapidly on Ughtly loaded

tracks than on tracks carrying full tonnage loads, but I do believe that it is more

extensive on the lighter loaded tracks than on the full tonnage tracks; and I do

believe, as brought out in his conclusions, that it must be due to some relation

between the wheels and the spring movement, perhaps at some critical speed.

2. I checked over the chemistry of our rail in the various corrugated locations

and I cannot subscribe to the observation that it occurs more frequently in the

harder rails than the softer. I do not personally believe that it makes any differ-

ence, although the predominant portion of the corrugation is in our soft rail.

3. I am inclined to believe that the higher speeds induce corrugation more

quickly than lower speeds, as stated by Mr. Cowdery, although we have quite

a few locations where corrugation occurs with maximum freight train speeds of

about 35 miles per hour.

4. As previously stated, we are not greatly troubled, from a practical stand-

point, by corrugation on curves, although observation on the ground will indicate

that some exists.

6. We have approximately 100 track miles of electrified hne operating multiple-

unit trains, and no freight trains, and corrugation has not occurred on these tracks.

Definite Conclusions Not Warranted

By P. O. Ferris

Chief Engineer, Delaware & Hudson Railroad, Albany, N. Y.

I have studied this report and have had it studied by members of our staff, but the

information contained therein does not seem to warrant any positive conclusions as to

the cause of corrugations.

One of the facts listed as being quite definitely established is of particular interest

and that is the occurrence of corrugation on continuously welded rail. This eliminates

one of the theories that has been put forward to the effect that harmonic motion of

passing wheel loads developed by joints might cause corrugation.

Another point that is brought out is that corrugations are more prevalent under

high speed trains with light loads where there is apparently greater vibration and in-

creased impact. Perhaps this could be explained by a flow of metal under light loads

that, by reason of the light loads, is not ironed out; whereas, under heavy loads they

may be ironed out or destroyed by abrasion. It is noted that the harder rails corrugate

where the softer rails show Uttle, if any effect.
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According to the report there is little evidence of corrugation on very sharp curves

and this, too, may be explained by abrasive action.

Corrugated rail is not a serious matter with us. In fact, we are experiencing no

trouble whatever with corrugated rails.

A Brief Comment

By E. M. Hastings

Chief Engineer, Richmond, Fredericksburg & Potomac Railroad, Richmond, Va.

The conclusions reached are very interesting; several of them are contrary to my
own ideas on the subject.

In Conclusion 3 it is stated that higher speeds induce corrugation more quickly

than lower speeds, but in the body of the report it is noted that on most of the mileages

inspected the speeds of all of the freight trains was the maximum allowable, or 35 miles

per hour. This in our practice would be considered a low speed for freight service and

a speed at which we would hardly expect to find any corrugation whatsoever.

The other rather challenging conclusion is No. 5, which positively says that when
a small proportion of trains stop at stations and other places corrugation does not

develop at those places. If the braking action has anything to do with the corrugation

of the rails, and if only a small proportion of the trains are subject to braking at these

stations, why should not corrugation develop the same as at other points where no

braking occurred, except at a slower rate?

I hope that this paper will receive a very complete study by the Committee on Rail.

Spring Action in an Empty Car

By B. R. KuLP
Chief Engineer, Chicago & North Western Railway, Chicago

It has been suggested to me that corrugations come from bouncing of the cars

which is dependent upon the periodicity of the springs. A stiff spring with low deflection

designed to carry a loaded car would have a high periodicity. Since the periodicity

depends upon the spring deflection, which varies with the load, it appears logical that

the empty car would be the principal offender since the stiff springs required for the

load would have a low deflection and a short period of oscillation, and ride hard when

the car was empty. All empty cars have approximately the same tare weight on the

springs, which means that they would have about the same periodicity, and the resulting

bounce would come with regularity and cause equally spaced corrugations at any

given speed.

The difference between the loaded and empty weight of passenger cars is com-

paratively small and would permit the use of springs with suitable deflection whether

loaded or empty and would have less stiffness, and less corrugating effect.

Perhaps it would be possible to have a spring support for light loads with additional

springs to come into action so that heavier loads would be properly sprung. However,

this may not be feasible in car design because of the limited vertical height in which

such an arrangement would have to be made.

Mr. Cowdery's paper is a very interesting one.
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Rails Behave Differently Under Light Loads

By G. M. Magee
Research Engineer, Association of American Railroads, Chicago

and E. E. Cress

Assistant Engineer of Tests, Association of American Railroads, Chicago

The determination of the cause and means of preventing corrugation in rail has

received intensive study by engineers in all countries for many years. Certain observa-

tions and theories have come to be rather generally accepted, whereas others are subject

to wide differences of opinion by various investigators. Many of Mr. Cowdery's con-

clusions and observations are in conformity with viewpoints which have been expressed

by others. However, he has introduced certain new data and thoughts which are quite

interesting and significant.

Of particular interest is the quite definite indication which he has found that the

corrugations occur more quickly under empty than loaded cars. Many investigators have

been of the opinion that there is a direct connection between rail corrugation and the

vibration of the wheels and rails. In the measurements of the longitudinal bending

stresses in the base of rails, which have been carried out at various times by the Asso-

ciation's research staff, a distinct difference has been observed in the nature of rail

bending stresses for heavily and lightly loaded cars. Under heavily loaded cars, more

or less regardless of speed, the bending stress trace on the oscillograph record is reason-

ably smooth, forming well defined peaks of stress under each passing car wheel. For

empty cars, however, the corresponding bending stress trace shows decided vibrations,

and it is frequently difficult to distinguish the stress peaks formed by the wheels. This is

cited as an observation of possible interest, but it is not known whether it has any

particular significance with respect to rail corrugation.

Mr. Cowdery's study of the development of corrugation with respect to the hardness

of rail shows very definitely that the amount of corrugation increased progressively from

the rails classified as "very soft" to those classified as "hard". He states that he has

classified the rails with respect to degree of hardness from the chemical analysis and

the drop test. In view of the important significance of his findings in this connection,

it would be very interesting to have more details on how this classification was made.

It is not entirely clear as to just how the drop test could be utilized to judge rail hard-

ness. The resistance of rail to the drop test depends upon the ultimate strength of the

rail and also on its ability to absorb impact, which involves the area under the stress-

strain curve. The ductility of the rail might be an appreciable factor. Although there is

quite evidently a definite relation between development of corrugation and his four

classifications of rail with respect to hardness, it would seem worth while to determine

whether this tendency to corrugate is in fact due to the hardness of the rail or perhaps

to some other property, for example, ductility.

The statement is made that "the crests show a considerable hardness, with the

troughs much softer". Other investigators have found that this is a condition which

sometimes attends rail corrugations, but not always. However, there probably is little

general disagreement with the conclusion that corrugation is on or near the surface of

the rails.

The conclusion that "there is no relation between the quality of the track formation

and the development of corrugation" seems to be borne out by valid arguments. How-
ever, other investigators have concluded that the track formation does have an influence.
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and studies made by changing the track ballasting, leaving the rail in the same location,

resulted in a gradual disappearance of the corrugations.

Mr. Cowdery is to be commended for the very thorough study he has given this

matter, and the information he has presented is without question of considerable value

in the study of cause and prevention of rail corrugation. In the meantime, it must be

recognized that the only practical and effective remedy now known for this condition is

removal of the corrugations by grinding.

Experiences Differ in Some Respects

By Maro Johnson
Principal Assistant Engineer, Illinois Central System, Chicago

Experience on the Illinois Central is not altogether in accord with the conclusions

reached by Mr. Cowdery. We can definitely say that corrugation is more prevalent

where speed is high. We have also noted that corrugation is not always present at stations

where a number of trains stop, though in evidence on either side of the station. How-

ever, we think the character of the track support has an influence as we find a greater

tendency toward corrugation on the heavier ballasted or stiffer track. This is borne out

by the experiments of the American Transit Association on track in paved streets as

compared with track on open right-of-way.

Experience on Rapid Transit Tracks

By F. W. Gakdiner

Assistant General Superintendent, New York City Transit System, New York

We do not have sufficient information relative to the details and physical condition

of the rolling equipment and track construction of the New South Wales Railways to

offer any constructive criticism or suggestions.

On our lines rail on all curves becomes corrugated. It has been necessary for us to

renew rail on sharp curves because of vibration and rough riding due to corrugation

rather than because of wear brought about by abrasion.

We have used hard heat-treated rail whose entire structure is sorbitic for over ten

years on sharp radius curves and have found that it lasts nearly twice as long as our

standard open-hearth rail laid on the same curves.

For many years we used high manganese rail, which is soft, on these curves. This

rail becomes quickly corrugated but its loss of section due to abrasion was slower than

the heat-treated and standard open-hearth rails.

We do not experience much trouble with rail which has become corrugated on

tangent track because before this occurs sufficiently to cause excessive vibrations, the

rail requires renewal because it is badly sideworn and end battered.



Steam Contamination by Aquaglobejection

R. W. Seniff

EnKineer of Tests, The Alton Railroad, Bloomington, 111.

Research relative to the causes and prevention of steam contamination is gradually

clarifying the mechanics of carry-over resulting from the boiler design, boiler motion,

foaming and "spray". Little attention has been given the latter in the locomotive field

but it has received considerable attention from the stationary boiler men because of

boiler salt deposits on turbine blades. They have demonstrated that these troublesome

deposits occur in the absence of foaming and have been seeking their cause and preven-

tion for several years. Carry-over of this type also occurs in locomotive boilers, causing

inferior steam valve and cylinder lubrication, damage to generator turbines, and in some

instances clogging super heater units. Sometimes this kind of carry-over is very pro-

nounced. Analysis of the valve oil removed from locomotive cylinder and valve walls

discloses various percentages of boiler salts even though steam superheated to 600 or 700

deg. F. is delivered to the cylinders. On the rare occasions when clean steam is used a

surprisingly small amount of oil produces extremely effective lubrication.

Nomenclature

This type of carry-over is referred to as boiler "spray", "mist", or "fog" depending

on the size of the particles of water involved. It is also occasionally referred to as

effervescence. One purpose of this paper is to attempt to apply descriptive specific terms

to the phenomenon which may facilitate its discussion by linking it with its source and

identifying it as a specific thing not so easily confused with other phenomena having

similar appearance or effect but different origin. It seems to the author that the terms

mentioned above are misleading because the kind of boiler spray, mist, and fog here

dealt with differs in origin from the types with which the average person is familiar.

Furthermore, there is more than one type or source of spray and fog in boilers, as will

be mentioned later, and a differentiation must be made between them. This particular

type of spray, mist, and fog originates from the same source; ordinary sprays, mists,

and fogs do not, according to Webster. If all boiler spray originated from wave motion,

splashing, or impingment of the water on some surface, then the term spray is applicable.

If the fog originated from steam condensation, then the term fog is proper. Some boiler

sprays and fogs do originate in this manner and the terms are correct in that connection

but not those this paper proposes to discuss. Effervescence is not an entirely desirable

term either because it refers only to bubbling or boiling without taking into consideration

the throwing upward or ejection of liquid droplets. It seems essential therefore that the

things to be discussed here should be clearly defined and called by names not easily

confused with something else.

This particular type of carry-over has its origin in the energy released by the bubble

film as it bursts on the liquid surface. The author proposes to call it "aquaglobejection",

and to define it as the ejection of a droplet (globe) of water (aqua) from the surface

of water into the gas above it by energy released by the rupture of a bubble film. The

word is pronounced as if written aqua-globe-ejection. In keeping with this idea it is pro-

posed that such a droplet of water be called an "aquaglobe". An aquaplobe which under

favorable lighting conditions is visible as an individual droplet to the naked eye is

57
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called a "macroaquaglobe" or simply "macroglobe" (macro meaning large). A small

droplet which under most favorable lighting conditions is invisible to the naked eye as an

individual but visible in the aggregate as a fog, is called a "microaquaglobe" or simply

"microglobe" (micro meaning small).

Tests Leading to Observation of Aquaglobes on the Alton Railroad

About 1927 concentrated research into the causes of boiler water carry-over was

undertaken by the Alton Railroad. A test boiler (Fig. 1) capable of operating up to

500 p.s.i. was built for the laboratory and equipped with observation windows, sampling

connections, and electrical contactors within the boiler to permit more detailed laboratory

study of the problem.

The first investigations were always made in actual operating service on locomotives

running over the line of road. When unusual conditions were observed, samples of the

boiler water were brought to the laboratory for further study in the test boiler. In this

manner it was possible to keep the laboratory investigations correlated with operating

experiences. Boiler water foaming was naturally the first consideration and when it was

found to resemble foaming at atmospheric pressure a device,^ later improved into what

is now known as the "Signal Foam Meter", was developed to indicate the formation

and height of foam in steam boilers. This device facilitated the study of carry-over and

when used in conjunction with a steam calorimeter, superheat pyrometer and analytical

procedure, served as a very valuable research instrument for use on locomotives operating

over the line of road. A number of electrodes extending to various heights above the

normal water level were frequently used near the steam dome.

During this work it was found that in the total absence of foam carry-over, occa-

sionally there was still sufficient carry-over of some unknown type to deposit boiler salts

on the valve and cyhnder walls. The calorimeter located between the throttle and the

superheater indicated from J^ to 1J4 percent of moisture and the superheat was not

visibly lowered. In mild cases no deposit was found in the superheater units. In more

severe cases, however, there was sufficient carry-over to cause very poor lubrication,

and deposits were later found in the superheater units. Enginemen were apt to mistake

such instances as mild persistent cases of foaming and to increase the amount of boiler

blow down. In no such case, however, was foam indicated on the water surface; neither

was there a marked drop in superheat nor was moisture visible at the exhausts of the

saturated steam-using appurtenances.

These experiences were similar to those encountered by others in the stationary

boiler field except that a much smaller amount of carry-over caused turbine blade

deposits. Quantities of boiler salts in the steam so small that they could not be measured

by ordinary methods were troublesome. As a result considerable work has been done

in that field. Little attention has been paid to this phenomena from the locomotive

boiler standpoint, because foaming with its more violent manifestation was occupying

the attention of the railroad chemists.

Macroglobejection

Almost everyone is familiar with the "spray" ejected from the surface of soda water

or ginger ale, and some have no doubt observed the spray from champagne. This spray

which is easily visible in suitable light is macroglobejection. The droplets appear as tiny

globes of liquid shooting upward and then falling when the energy is spent. This phe-

nomenon was observed in the test boiler at 200 p.s.i. steam pressure. Most people who

^ All reference material is grouped at the end of the text matter.
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have closely observed boiling liquids at atmospheric pressure have undoubtedly noticed

the same thing. The frequency of occurrence and the appearance of the foam is much

the same under atmospheric pressure as at elevated pressures. The same is true of aqua-

globejection. Under the influence of sufficient air or steam movement the macroglobes

may be transported. Microglobejection is not so easily observed and the author wonders

if its actual formation has been noted and correctly interpreted by many people. This

will be discussed later.

Cause of Globejection

In the absence of a foam layer, bubbles burst almost instantly on reaching the sur-

face of water, and in bursting each bubble throws up a small droplet of water. The size

of the droplet depends apparently on the size of the bubble; while the height to which

it was thrown depends on the film tension and the resulting internal pressure of the

bubble.

The film of all bubbles is under tension like the rubber of a toy balloon when

inflated. The tension creates pressure on the gas within the bubble or balloon, greater

than that of the gas outside it. If a toy rubber balloon is inflated sufficiently, it bursts

due to the rupture of the film which results in the explosive release of the gas within.

Here the analogy ends.

Foulk," observed macroglobejection and referred to "rapid ebullition with consequent

projection of drops or even slugs of water into the steam space". He cites F. S. Whirl

(1931) to explain the origin of these droplets as follows: "The droplet of liquid thrown

up is not part of the ruptured bubble film, but has its origin in the center of the

depression in the liquid surface on which the bubble exists just before bursting. When

the bubble bursts, the pressure which causes the depression is relieved and the liquid

rises. In doing so, the center of the depressed area rises faster than the rest, with the

result that a drop necks off and is thrown upward".

The author's observations are at variance with the above in that rapid ebullition is

not necessary to produce globejection. A solitary bubble bursting on the surface of water

will produce an aquaglobe. Both Foulk and the author have observed spray ejected from

foam; this is true spray not aquaglobejection and will be discussed in detail later. Foulk^

mentions fog as well as spray but assumed that the fog resulted from the condensation

as it might well have been in that case. Other observers like Eberle^ and Stumper'^ deny

the occurrence of mists, fogs, and spray in steam or like Joseph and Hancock" do not

mention them. Their failure to observe these phenomena was undoubtedly due to their

failure to use suitable lighting technique. Place' and others have observed sprays and fogs

in steam which carried boiler water salts and Place states that these fogs were very

difficult if not impossible to remove by the mechanical steam purification methods com-

monly used in stationary boilers.

More recently Morey* advanced the theory that boiler salts are soluble in steam

especially at higher pressures and temperatures and explained their presence on turbine

blades as crystallization directly from the steam as the temperature and pressure dropped

during passage through the turbine. He offers interesting proof to sustain his theory which

has received considerable attention. More about this later.

If one places his ear near the surface of a glass of ginger ale, the explosions of the

bursting bubbles can be plainly heard. Bubble films (depending on the fluid comprising

them and the gas within) like rubber balloons, may be strong or weak, thick or thin,

very elastic or only slightly so. With high elasticity they may become very large and

thin before bursting and, if they have low surface tension, may not exert much pressure

on the gas within. Such liquid films exist in soap bubbles. They contain a large volume
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Fig 1.—The Test Boiler.
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of gas under pressure slightly greater than that of the surrounding gas. On the other

hand a balloon or a bubble may have a thick, tough film and little elasticity, so that

considerable energy or pressure is required to inflate it. Its surface is under considerably

greater tension, and the internal gas consequently under greater pressure, than the sur-

faces of the more elastic bubbles or balloons. These small, tough, but relatively inelastic

ones burst with considerably more violence than the larger ones and their surface de-

pressions being smaller, produce smaller aquaglobes.

Some fairly good-sized aquaglobes were observed to be thrown well over 14 in.

above the water surface in the test boiler. In the absence of any strong upward current

of steam, these described a parabola and fell back to the surface of the water. When the

upward steam velocity was increased, some of them were transported by the steam from

the boiler into the steam outlet. These large, readily visible macroaquaglobes are easily

removed by steam separators and washers.

Discovery of Microglobes

The shell of the laboratory test boiler (Fig. 1) was equipped with pairs of observa-

tion windows which were directly opposite one another and located at various levels.

One pair was below the water surface, one at its surface and one near the top of the

steam space.

In order to study globejection more closely lighting technique similar to that used

for the illumination of colloidal particles under the ultra microscope was chosen. In a

darkened room a strong beam of light through condensers was directed into one of the

observation windows in the steam space and the action observed through the opposite

window at a slight angle to the beam so the aquaglobes, strongly backlighted, were

viewed against the dark background of the interior of the boiler shell. The effect of this

type of lighting is similar to that observed when a beam of sunlight shines through a

darkened room and illuminates the ordinarily invisible dust particles floating in the air.

This technique afforded an entirely new picture of what was actually occurring.

It was found that the macroglobes, which were quite visible to the eye, were only a

small part of the total being projected into the steam space by the bursting bubbles.

It was startling to find that these aquaglobes ranged from the easily visible sizes of

approximately 0.5 mm. down to particles so small that they remained suspended in the

steam and were visible only as minute luminous points, like fog in the beam of an

automobile headlight.

In order to differentiate between the aquaglobes which were heavy enough to fall

back into the liquid and those which were so fine that they floated in the steam, it was

decided to call the large ones "macroglobes" and the smaller "microglobes". It must be

borne in mind that the gradation of sizes through these two broad classifications is

infinite, and there is a perfect continuity of size change throughout the range. These

terms are analogous to the terms rain and fog (or clouds) which similarly divide visible

atmospheric moisture into two broad particle size classifications.

Variations in Globejection

The globejection observed through the windows of the test boiler varied greatly

with the surface conditions existing in the bubble film. Under certain conditions all sizes

of aquaglobes were ejected from the surface of the liquid. The appearance reminded one

very much of a rainstorm in a fog, the aquaglobes varying in size simultaneously from

that of fog particles to large plainly defined ones. The fog, composed of microglobes,

rose slowly from the liquid surface even though very little steam was being discharged

from the boiler and though the boiling rate was quite slow, whereas the macroglobes
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dropped parabolically back into the liquid after ejection. Under extreme conditions of

microglobejection, the steam was more opaque than the water even at 200 p.s.i. Holmes"

mentions non-transparent steam at higher pressures. It may be possible that micro-

globejection accounted for this phenomenon.

The proportions of micro- and macroglobes varied with bubble size, which depended

on boiler water conditions. At lower boiler water salt concentrations (below 1,000 p.p.m.)

with alkalinities in the range of IS percent of the boiler solids or below, there was a

preponderance of the smaller sizes. At higher concentrations when a foam layer was

present, there were more of the larger sizes and as a rule a complete absence of the

microglobes. It was found that microglobejection from a water surface decreased roughly

as the foam layer appeared and increased in thickness. With this foam layer true spray

was observed, but the direction of this spray was not so uniformly vertical as with

globejection, the globules being ejected in all directions down to the horizontal. Nor was

their ejection so violent as in the case of true globejection and consequently the average

height reached was as a rule less. The author is inclined to doubt if there is any actual

globejection (as defined in the first part of this paper) from a foam layer several bubbles

in thickness. Bubbles may coalesce within the foam beneath the surface without the

release of much energy because all are under the pressure created by their skin tension.

There is, as will be mentioned later, greater pressure within small bubbles than large

ones but the conditions for production of aquaglobes are not found in thick foam layers.

The spray produced by foam should probably be called "foam spray" because the term

spray seems to apply in that context. When a foam bubble ruptures at a foam surface,

portions of bubble film may be blown into the surrounding atmosphere. Generally when

one bubble bursts others adjacent to it are ruptured by the sudden energy release with

the result that portions of the bubble films are blown in all directions. On very rare

occasions under extremely favorable lighting conditions tiny bubbles were observed to

be ejected from foam surfaces. These bubbles rose much more slowly and more nearly

vertically than the foam spray and reached greater heights. When they finally burst it

was like a tiny rocket bursting in flight.

Control of Globejection

As a result of these observations it was possible to search for the causes and attempt

a remedy. Unfortunately a complete cure is not known but the partial one effected has

reduced this type of carry-over to the point where it is not a serious operating problem

in locomotive boilers. There is room for much more work on the subject and the author

feels that complete elimination would result in great improvement in steam cylinder and

valve wear.

In cases where the foam layer starts to form a concentration of about 1,000 parts

per million, globejection ceases at about that point, while in other instances when a foam

layer does not form globejection increases in severity as the concentration increases.

Many cases of globejection were traced to low alkalinity resulting in residual hardness

in the boiler because of improper functioning of some water treating plant on the line of

road. Therefore every effort was made toward maintaining uniform properly regulated

treatment at all plants. Oil contamination of the boiler water was another cause and

steps were taken to prevent it as far as possible.

Low boiler water concentration was another cause, and globejection carry-over was

always experienced in some degree immediately after boiler washout and water change.

Since carry-over of foam spray, because of the larger drop size, the smaller number of

drops and the direction of ejection is normally greatly less than from globejection, steps



Steam Contamination by Aquaglobejection 63

were taken toward maintaining a safe foam layer on the boiler water surface. Lengthen-

ing the interval between washouts from 7 to 30 days proved beneficial. In order to take

further advantage of the situation, tags were placed on the throttle lever whenever a

boiler was washed or the water changed. Instructions were then given the enginemen

not to blow the boiler for a certain specified interval which was calculated to permit

sufficient concentration to accumulate in the boiler water to produce the desired foam

layer. With such a procedure the period of microglobejection was so short that it ceased

to be an operating difficulty. This has been the practice on the Alton Railroad for the

past IS years.

All this is, of course, predicated on keeping the boiler water salt concentrations

between a minimum sufficient to maintain a foam layer and a maximum to prevent foam

carry-over. This solved the problem in our locomotive boilers, cost nothing, and actually

saved fuel by reserving blowdown for higher concentrations where it is more efficient.

In general, for these locomotives the minimum is 1,000 p.p.m. and the maximum 2,500

p.p.m., the latter being the concentration where these particular waters start to foam.

It varies greatly, of course, with different feedwater characteristics and locomotive boiler

design. For instance locomotives using one boiler feedwater supply on this railroad

operate with a concentration up to 12,000 p.p.m. without foaming. On the other hand

two locomotive boilers of somewhat novel design operated at a pressure of 350 p.s.i. were

able to carry concentrations in the neighborhood of 8,000 p.p.m. with boiler feedwaters

which foamed in conventional boilers at 2,500 p.p.m.

Microglobejection at Higher Pressures

Other things being equal the size of the steam bubbles decreases as the boiler pres-

sure increases up to the critical.'* The smaller the bubble, the smaller are the microglobes

produced. The trend for a number of years has been to produce the purest possible feed-

water for high pressure boilers and to maintain low concentrations in the boilers them-

selves.

Therefore, it seems logical to assume that the conditions described as occurring at

200 p.s.i. might be intensified in the direction of microglobejection at higher pressures.

Spillner™ says solubility carry-over increases as pressure increases. If this is true, this

phenomenon would account for the carry-over which causes steam turbine blade deposits

from high pressure boilers at central power stations.

Microglobe Size

As mentioned before, it has been observed in the test boiler that under favorable

conditions there is an abundant ejection of microglobes which are so small that they will

float above the boiler water in the steam in the absence of currents caused by steam

draw off. To demonstrate this, a period when microglobejection was noticeable was

selected, and the steam outlet of the boiler closed. The presence of microglobes in the

highest portion of the boiler steam space was observed for a considerable period of time.

In another test a 325-mesh screen having openings of 0.043 mm (0.0017 in.) was placed

in the path of the microglobes. It was found that a fair portion of them passed through

this screen quite readily, indicating that their diameters were smaller than the openings

mentioned above.

The minimum size of these microglobes has not been determined because of the

technical difficulties involved in doing so, but it would appear from the fact that they

were too small to be seen individually by the naked eye and that they floated hke a fog

in the steam, that the smaller ones are of near colloidal dimensions."
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Therefore, microglobe diameters are probably in the order of those of atmospheric

cloud or fog particles. A fog, of course, is merely a cloud near the ground. According to

the U. S. Weather Bureau, cloud particles reach a maximum size of 0.04 mm (0.0016 in.)

before they start to fall as rain. Bancroft quotes Young, who determined average cloud

particle sizes by corona measurement, to the effect that they average 0.001 in. (0.025 mm)
in diameter. Alexander^" states that white cloud particles are larger than strictly colloidal

size. Cloud particles, and possibly microglobes, however, may vary down to colloidal

sizes. It is certain that microglobes vary in size down to the limit of visibility to the

naked eye under the best lighting conditions. Therefore, it is possible that in addition to

these coarse dispersions, colloidal or near-colloidal sizes exist also, in which the degree

of curvature and consequent vapor pressure is so great that they would flash into steam

almost instantly after ejection.

Production of Residual Dust

Even from the larger microglobes, which become visible in a strong beam of back

light against a black background, a dispersion of boiler solids in steam can be created as

follows:

Let us consider a microglobe in the order of 0.04 mm diameter, which is the size

of droplets in the finest drizzling rain. One gram of water will produce approximately

thirty million such aquaglobes. A 0.04 mm diameter aquaglobe has a volume of 0.0000335

cu. mm (3.35 x 10"^ cu. mm), and weighs approximately 0.0000335 mg. When expelled

from the film of a steam bubble having a concentration of 1,000 p.p.m., it would on

being dried produce a near-colloidal residual particle of boiler salts weighing approxi-

mately 0.0000000335 mg (3.35 x 10"^ mg). If the composition of these boiler salts was

approximately 35 percent sodium hydroxide, 20 percent sodium carbonate, 10 percent

sodium chloride, 35 percent silicon dioxide, the resulting volume of such a particle would

be in the order of 0.000000015 cu. mm (1.5 x 10'^ cu. mm), equivalent to a diameter of

0.0031 mm (3.1 microns). Approximately thirty billion of these invisible particles would
weigh one gram.

If the microglobes were approximately the diameter of average atmospheric fog

particles (0.025 mm), the residual boiler salt particle would have a diameter of 0.0019 mm
(1.9 microns), and 122 billion of them would weigh approximately one gram. These cal-

culations are based, of course, on certain assumptions relative to size resulting from

observation and comparison with known phenomena such as smoke and fogs.

The actual concentration of boiler salts in the bubble film cannot be accurately

predicted since it varies considerably in amount and ratio of salts contained, from the

concentration of the boiler water itself, because of selective sorption of certain com-

pounds and exclusion of others." But these calculations give an idea of the extremely

small particles which globejection may produce.

An interesting possibility presents itself here. Colloidal dust might actually be pro-

duced in the boiler drum itself before reaching the superheaters by the following process.

All bubbles rising through a liquid can maintain their spherical shape only if the pressure

of the gas within the bubble is greater than that of the surrounding water. This excess

pressure is inversely proportional to the radius of the bubble and becomes very consider-

able for small bubbles. The steam within a bubble would therefore have a slight degree

of superheat which would be imparted to the nearest heat-absorbing material when the

bubble film ruptures and releases its internal steam pressure. The aquaglobe ejected by

the bursting bubble would naturally absorb some of this heat, and if small enough, could

be evaporated by it, leaving a colloidal dust particle to float away with the steam.
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The resultant dispersion of near-colloidal size might easily be mistaken for a true

solution of these materials in the steam. The production of actual colloidal sizes would

result from either smaller aquaglobes or lower salt concentrations.

Influence of Microglobes on Steam Solubility of Salts

If, on the other hand, solubility of boiler water salts in steam is the real factor

influencing steam turbine blade deposits, then globejection might be an important factor

because of the large, highly convex surface exposed to the steam by the colloidal boiler

dust.'=

The opportunities offered for vaporization of boiler salts into steam start with the

formation of the bubble at the heating surface. As shown by Partridge" steam bubbles

leave deposits of solid boiler water salts on the heat transfer surface at their points of

formation. Therefore, each bubble during formation is in contact with a saturated solu-

tion of boiler salts and solid salts at temperatures greater than that of the boiler water.

These factors which tend to cause vaporization of boiler salts into the steam within the

bubble are retarded by resistance set up by the concave curvature of the bubble film

presented to the steam phase, and the tendency to reduce the partial pressure of any

steam dissolved solids to below that of those in the boiler water because of the convex

curvature of the bubble presented to the water phase as it rises through the water.'^

When the bubble bursts at the water surface and ejects an aquaglobe into the steam

the tendencies are reversed. The liquid phase of the aquaglobe presents a convex surface

with increased vapor pressure to the steam phase. The smaller the aquaglobe, the greater

is its surface curvature and vapor pressure and its consequent rate of evaporation. When
its moisture is evaporated a solid salt phase is again presented to the steam, but this time

in the form of a very small particle with a highly convex or possibly angular surface.

Since the vapor pressure at a surface increases with the increase in convexity or degree

of positive angularity, the highest boiler salt vapor pressure toward the steam to be

found in either the boiler or steam system, may occur in this state. The accelerating

effect of higher temperature on vaporization would also manifest itself when these particles

enter the superheater.

Therefore, when an aquaglobe is ejected by a steam bubble at the surface of the

water, a very sudden reversal from retarded to accelerated vaporization occurs. The

difference becomes greater as the bubble and aquaglobe both decrease in size, and may
reach high values in the case of extremely small ones. If actual boiler salt solubility in

steam occurs as suggested by Morey^ the microglobes may be the "missing link" required

to make his theory complete.

Removing Aquaglobes From Steam

The difficulty of removing even fog particles of 0.04 mm size from a large volume

of gas moving at high velocity by mechanical separators is great, and the difficulty in-

creases as the size of the particle decreases. At higher steam pressures where the density

of the steam approaches that of the water, and consequently that of the aquaglobes, the

tendency of the globules to remain suspended in the steam, as well as the difficulty of

removing them by centrifugal steam purifiers, is increased. Only an extremely small

amount of these particles need find their way past mechanical separators or steam washers

from a modern stationary boiler to produce turbine blade fouling.

The distance to which solids may be carried in spray is illustrated by a report by

Stillman quoting a Dr. Robinson, "At Glasgow, which is more than 20 miles from the

sea coast, after a strong gale from the west, the hedges in winter are very salty to the

taste. One would imagine that the twigs had been dipped in salt water. One very dry

spring, I found it crystallized in hoar frost."
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An example of the distance to which dust dispersions may be carried by a gas and
their persistence in it, is the classic case of the volcanic eruption of Krakatoa on Sep-

tember 8, 1883. The dust from this eruption was carried entirely around the world and

traces persisted in the earth's atmosphere for two years after the eruption, in spite of

the tendency of clouds and rain to wash such dusts from the atmosphere.

The difficulty of removing sulfuric acid fog from acid manufacturing and concen-

trating plant stacks was described by Bransky and Diwoky" who stated, "Ordinary spray

chambers in which the wetting liquid fiows counter currently to the gases carrying the

acid mist have been proved inefficient. Likewise, bubbling the mist through liquid heads

... is inefficient." These methods are somewhat analogous to those commonly used in

modern boiler steam purifiers which are probably still less efficient because of the limited

space available to accommodate them. They explained the difficulty of removing the

mist by these methods as follows: "The absorption of acid mist depends upon wetting

the mist particles with absorbing fluid . . . However, the individual mist particles, in all

probability, are protected against wetting by an adsorbed gas film: Thus to dissolve the

particles, it is necessary to rupture the film. To accomplish this, relatively long times of

contact over large absorbing surfaces are required." These researchers found that newer

improved methods of collecting the acid fog enabled them to remove 90 to 98 percent

of the acid from the gasses only when the gas velocity was reduced to the very low rate

of two feet per second, and extremely large absorbing areas were used. Acid fogs are

generally considered easier to remove than many other gas-borne fogs and dusts.

These examples serve to illustrate the difficulties involved in removing the impurities

from the steam in the small space and short time permitted by modern boiler practice.

Progress has been made and further success should result from still closer study of the

actual causes of the contamination.

It is doubtful if the foam layer method of preventing microglobejection would be

applicable to high pressure stationary boilers. However, further research into the boiling

action at higher pressures is essential and may suggest methods for control of globejec-

tion. The effect of chemical treatment on bubble evolution, size, and film conditions at

these pressures should be studied carefully. Modern steam separators and steam washers

have produced the best results so far, which tends to indicate the contaminating source

is globejection rather than solution of solids in the steam.

Pelouze and Audouin were able to precipitate atmospheric fogs by forcing them at

considerable velocity against flat surfaces. This may be analogous to the precipitation of

steam borne solids on turbine blades.

The extremely small size of the microglobes and especially of the colloidal dust

particles produced from them suggests the use of the Cottrell precipitator for removing

the last traces of them from superheated steam in stationary plants. The sonic floc-

culator^" might also have possibilities. The question also arises here as to whether sonic

(or supersonic) vibration at turbine blades might have some effect on selective precipi-

tation.

Experience with the trapping of these dust particles on the lubricated surfaces of

locomotive cylinders suggests the remote possibility that they might likewise be trapped

from high pressure superheated steam by impinging the steam on suitable surfaces having

adhesive qualities.

Straub's method^" of treating the boiler water to coat the sticky hydroxides with dry

inert salts presents one possibility from the treatment angle. Hall's^' method of using

potassium salts to replace sodium salts in high pressure water treatment is another new

development which shows promise. It is felt that the problem will be finally solved by
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chemical and mechanical means. Treatment of the boiler water to produce only macro-

globes which can easily be removed by modern steam purifiers may possibly be the

answer.

Demonstration of Aquaglobejection

A simple laboratory apparatus may be used to demonstrate the mechanics of aqua-

globejection more easily than it can be done in a test boiler. This apparatus (Fig. 2).

was used for photographing globejection because of the technical difficulties of securing

suitable motion pictures of the action in the test boiler. The appearance of the action is

identical with that in the boiler. This apparatus consists of a source of compressed air

with pressure regulator, connected to a Mandler filter and a liter bottle with the bottom

cut off. Air passing through the Mandler filter is released into the water, the size of the

bubbles is governed by the porosity of the filter used, the air pressure and the charac-

teristics of the solution used. It should be emphasized here that the condition of the

surface at which the bubbles are formed, that is, the degree of roughness or smoothness,

as is also the case with heat transfer surfaces in boilers, has a marked effect on the size

of the bubbles produced.'"

Another apparatus (Fig. 3) was also constructed to permit the closer examination

of the bubbles in the liquid as well as to permit the production of single bubbles of any

desired size. This apparatus was of wood waterproof construction with glass .sides front

and back. The inside dimensions are 13J/2 in. wide, 11^:4 in. deep and 3 in. thick, front

to back, between the glass sides. The capacity was 2.06 gal. The top is open and it is

customary to bring the water level flush with the top of the glass sides. Four holes were
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Fig. 3. -Improved Apparatus for Producing Globejection at Atmospheric
Pressure and Temperature.

drilled in the bottom of this water box for insertion of one or more Mandler filters or

orifices as desired. The illustration shows the apparatus equipped with one Mandler filter

and three orifices. These three orifices permitted the production of single bubbles of

^-in., 3^2 -in., and 1/128-in. diameters respectively. The apparatus was found very help-

ful in studying the action of single bubbles of various sizes compared with a mass of

bubbles of equivalent sizes in identical solutions.

The apparatus illustrated by Figs. 2 and 3 was used in a special light box shown in

plan in Fig. 4. This box was light tight and 18 in. high inside. The apparatus is located

on the floor of the light box as indicated on the sketch and viewed through the 10-in. by

18-in. opening at the small end of the box. To keep out room light at this opening a

black cloth was fastened to the box and used as a photographer uses his black cloth

when focusing his camera. The interior of the box was painted dead black inside to cut

down reflected hght from the lamps. The depth of the box behind the apparatus was

necessary for the same reason, to secure a dead black background for contrast to obtain

visibility and detail when viewing the bubbles and aquaglobes. The shape of the box is

for the purpose of further killing reflected light in order to keep the background as

black as possible. The light source consisted of two 500-watt T 20 projection bulbs in

special reflectors with 2-in. condensers, which gave a strong concentrated beam of light

that could be cut down to an extremely intense beam 2-in. in diameter. The angle of light

to the line of view is shown as 45 deg. in Fig. 4. A 30-deg. angle gives better contrast

but light traps are necessary at the viewing end of the box to kill reflections which

impair visibility. This light box permitted experimental work in the day time whereas



Steam Contamination by Aquaglobe j ecti o n 69

Fig. 4.—Light Box for

Viewing Bubbles and
Globejection.

previously it had to be done at night because the room could not be darkened sufficiently

to secure the required contrast. It was still necessary, however, to make the test boiler

observations at night.

This set-up offers excellent opportunities for the study of the mechanics of bubble

action in liquids. Foulk used the Mandler filter for producing air bubbles in foaming

Hquids a number of years ago during his splendid work on the foaming of boiler water.

Additional research along these lines should be directed toward the study of the

energy changes (temperature and pressure) occurring during the formation and bursting

of bubbles including a review of Jakob's work'" during which the effect of the aqua-

globes on steam temperature should be taken into account. The effect of other gasses,

both pure and mixed, in the bubble atmosphere should have exhaustive investigation.

The effect of nitrogen and carbon dioxide in the bubbles indicates interesting possibilities

in that direction.

Once one has had the opportunity to observe the action of the water in the boiler,

the appearance of water boiling under various pressures can be simulated by varying the

size of the openings through which the air is introduced for the production of bubbles
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Fig. 10.—Mixed Globejection.

(One-Half Natural Size)

or by varying the air pressure. Interesting effects worthy of observation and study can

be obtained by changing one or more of the many possible variables.

Distilled water in this apparatus produced noticeable globejection as it did in the

test boiler. The effect of increasing boiler pressure on distilled water in the test boiler

can be shown at atmospheric pressure cold by decreasing the bubble size which changes

the type of globejection from macro to micro. The pH value, the composition and con-

centration of the boiler water solids both soluble and insoluble, the rate of bubble evolu-

tion, the size and shape of the container, all have their effect.

The variations seem infinite. A simple example is the pH value which results in a

change from predominant microglobejection through the lower range toward macro-

globejection at a higher one. The action of a given boiler water under steam boiler con-

ditions cannot be predicted with this apparatus, but there is frequently a surprising

correlation.

The photographs (Figs. 5 to 11, incl.) give some idea of the appearance of globejec-

tion and foam spray and the bubbles which produce the various types of globejection.

With the exception of the %-in. bubbles rising to the surface in Fig. 5 all were taken

with the light arrangement shown in Fig. 4. The water temperature was approximately
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Fig. 11.—Foam Spray.

(Natural Size)

the same as that of the surrounding air, about 68 deg. F. Care was taken to avoid air

currents, so as to keep the volume of air passing through the water as low as possible

and thus avoid the effect of upward air movement from the water surface. Under these

conditions the upward projection of the aquaglobes and foam spray was not greatly

affected by up currents of air and the upward projection shown was caused entirely by

the energy of the bursting bubbles in the case of the macroglobes and foam spray and

by the "buoyancy" of the microglobes because of their small size. In the case of the

microglobes it was possible to detect them floating in the air of the room several feet

from their source.

Fig. S showing the ^-in. bubbles was taken at a slight angle below the water sur-

face. It gives a good idea of the depression created in the liquid surface by the floating

bubbles. Although it appears that most of the bubble is below the water level, actually

a little more than half its volume is above it. Note the slight depression at the water

surface to the left of the three surface bubbles. A bubble has just burst at this point and

an aquaglobe is to be seen forming in the center of the depression.

Fig. 6 shows smaller macroglobes from smaller bubbles. These are projected to

greater height than those from the larger bubbles. Fig. 7 is the same as Fig. 6 except that

the exposure time was longer to give some idea of the number of aquaglobes ejected.
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Fig. 8 shows characteristic microglobejection. The water at the bottom of the

photograph is free from bubbles and perfectly clear. The water above this clear portion

is completely filled with tiny bubbles, too small to measure by ordinary means and too

numerous to count, which gives the water a milky appearance. These bubbles rise very

slowly. In ordinary light the microglobes they produce are invisible even as a fog. Fig. 9

is the same as Fig. 8, except for longer exposure time to indicate the large number of

microglobes floating above the water. If the exposure time is increased beyond this, the

entire picture area above the water becomes fogged by them.

Fig. 11 shows foam spray from the surface of foaming boiler water. Note the lack

of uniformity in direction of ejection of the spray which in this case consists of portions

of the bubble films.*

Summary

Spray is one accepted source of carry-over in steam boilers. Because of the difficulty

of observing microglobejection even at atmospheric pressures, its existence under boiler

pressures is probably not widely recognized. By special technique it has been observed

under boiler conditions and reproduced for study at atmospheric pressures in cold

solutions.

Indications are that globejection is intensified at higher pressures. A method of con-

trolling it under certain conditions is described, and the difficulty of controlling it at

higher pressures emphasized. An attempt has been made to describe and illustrate it by

drawing parallels with commonly recognized phenomena. The theoretical aspects have

been discussed and consideration has been given to its relationship to steam solubility of

boiler solids.
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Died, September 1, 1944

Elmer T. Howson, a director of the AREA and an outstanding figure in the railway

field for a third of a century, died in Chicago on September 1, 1944, after a brief illness.

He was born at Folletts, Iowa, on May 23, 1884, the son of Thomas H. and Anna
(Wessels) Howson. Following graduation from high school at Clinton, Iowa, he entered

the University of Wisconsin, College of Engineering, from which he was graduated with

a degree of Bachelor of Science in Civil Engineering in 1906. He received the degree of

Civil Engineer in 1914.

On June S, 1907, he married Mae McCulloh, who survives him.

Elmer Thomas Howson

He gained his first practical experience in railway engineering during the summer

of 1903, when he was employed on a survey party with the Iowa & Illinois (now the

Clinton, Davenport & Muscatine), and returned to the same property the following

summer as an instrumentman. His interest in the publication field was aroused during

the course of his undergraduate career by an opportunity to join the staff of the Wis-

Lonsin Engineer, the student publication of the Engineering College, with which he was

identified until he was graduated.

Following graduation in 1906, he was employed in the engineering department of

the Chicago, Burlington & Quincy Railroad, rapidly advancing to a responsible position

as assistant engineer on heavy reconstruction and double-track work in Illinois and

Wisconsin. In 1911, he was promoted to division engineer of the LaCrosse division, with

headquarters at LaCro.sse, Wis., in charge of maintenance and the extensive second-track
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work under way on the division at that time, and, as he was held in high regard by his

superior officers, he had a promising future with the Burlington. Instead of pursuing this

opportunity, he chose to accept an invitation to enter a field of even wider service to

the engineering profession and railway industry; and, on February 1, 1911, he .joined

the staff of the Railway Age (then Railway Age Gazette) as engineering editor.

Shortly after taking up his new duties, he developed the Maintenance of Way Section

of the Railway Age Gazette, published in one issue each month of this weekly paper,

for the purpose of providing much needed information of interest to railway engineering

and maintenance of way officers. In 1916, at his suggestion, the publishers of the Railway

Age Gazette consolidated the Maintenance of Way Section with a monthly publication,

taken over by purchase, for the purpose of launching a new publication. Railway Main-

tenance Engineer (subsequently changed to Railway Engineering and Maintenance) ; and

in addition to his duties as engineering editor of the Railway Age Gazette, he became

editor of the new magazine.

In 1919, in recognition of the fact that his interests and activities transcended the

field of railway engineering and maintenance, he was appointed to the newly created

position of western editor of the Railway Age. In the same year, he prevailed on his

employers to authorize the publication of the Railway Engineering and Maintenance

Cyclopedia, appointing him to the position of editor. This triennial volume is now in its

sixth edition. In 1931, he was elected vice-president and director of the Simmons-

Boardman PubUshing Corporation, in which capacity he exercised broad responsibiUties

in the general field of publication.

Believing in the value of professional associations and technical societies to the

railway engineering and publication field, Mr. Howson became a member of and was

active in the affairs of many of these associations. In none was he more active than in

the American Railway Engineering Association. In the years following his admission as

member in 1911, he served on four different committees, giving particular attention to

the work of the committees on Track, Economics of Railway Labor, and Cooperative

Relations with Universities. It was largely through his initiative that the last named

committee was restored to an active status in 1940, when he was appointed its chairman;

and the widespread attention accorded the reports of this committee in the ensuing

years has been due largely to the inspiration and vigor, which he put into its work.

He will be remembered, also, for his active participation in the work of the Com-

mittee on Convention Arrangements of which he became a member in- 1923, and for

which he served several terms as chairman. Mr. Howson's value to the Association had

long been realized by the membership at large, and received definite recognition in his

election as a director in March 1941.

Other associations of which he was a member, included the American Society of

Civil Engineers, in which he served as president of the Illinois section in 1927; the

American Association of Railway Superintendents, in which he was chairman of the

Program and Arrangements Committee; the Western Society of Engineers, of which he

was president in 1924-1925; the American Wood-Preservers' Association, of which he

was president in 1932; the Roadmasters and Maintenance of Way Association, of which

he was president in 1934 ; the American Railway Bridge & Building Association, of

which he was president in 1927; the Western Railway Club, which he served for a

number of years as chairman of the Program and Arrangements Committee; and the

Maintenance of Way Club of Chicago, of which he became a charter member in 1921

and which he served in many capacities, including the chairmanship of the Program

Committee. He also was past president and member of the Advisory Committee of the

Associated Business Papers, a national organization of the business press.
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Mr. Howson was a member of the Union League Club (Chicago), the South Shore

Country Club (Chicago), and the Chicago Engineers' Club.

Convinced that the best way to secure accurate information was by personal

observation, Mr. Howson traveled extensively on the railroads of the United States.

Canada, and Mexico, and had an unsurpassed personal knowledge of the problems con-

fronting their engineering and operating officers, with most of whom he was acquainted,

and with many of whom he was on terms of intimate personal friendship. He had the

respect and confidence of all who knew him.

There was, above his professional attainments, another dominating interest and

influence in the life of Elmer T. Howson—the inflexible conviction of a deep and firm

religious nature. He was a Hfe-long member of the Methodist Church and was as active

in its service as in all else he undertook. Beginning in 1911, as a member of the Wood-

lawn Church (Chicago), he served as a member of the Board of Stewards, chairman of

the Finance Committee, chairman of the Board of Trustees, lay delegate to the Rock

River Conference, and charge lay leader. He also contributed substantially to the work

of the Rock River Conference and the church at large.

In 1911, Mr. Howson accepted the leadership of a group of boys in the Sunday

school. This was the beginning of one of the major activities of his life. He remained in

active leadership of this class until his death. In 1931, its name was changed to the

"Howson Fellowship Bible Class" in honor of its leader. It never failed to meet on

Sunday morning, and developed into one of the largest men's bible classes in Chicago.

It exerted an influence on the lives of thousands of men now scattered throughout the

nation and the world. The wide influence of the class is the re.sult of the leadership fur-

nished by Mr. Howson and of the many activities in which he took active part, the

class which bore his name was perhaps the dearest to him.

It is difficult to evaluate the contribution made by Mr. Howson not only to the

company he served directly, but to the railroad industry and its affiliated equipment

and supply industry. It is not possible to mention all of his many characteristics. Out-

standing were loyalty to all and everything he served, a profound religious conviction,

enormous capacity for work and a cooperative interest in all matters requiring his

attention, sound common sense, and excellent judgment. Working with him was an in-

spiration but it was difficult to keep the pace he set. He had unlimited energy and did

not spare himself, and he expected as much of others. He asked no more of anyone else

than he was ready to give himself. In the death of Mr. Howson the railroad industry

has lost an outstanding leader, and the American Railway Engineering Association has

lost one of its most efficient, courageous, loyal, enthusiastic, and devoted members.

H. R. Clarke, Chairman

W. D. Faucette

E. M. Hastings

F. R. Layng

C. H. MOTTIER

Committee on Memoir
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Died December 20, 1944

W. H. Kirkbride, retired chief engineer of the Southern Pacific Company, Pacific

Lines, died at Dunsmuir, Calif., on December 20, 1944, after a brief illness.

Born at Pueblo, Colo., on January 22, 1874, the son of Charles H. and Louise

Holloway Kirkbride, he was taken to California at an early age and, after attending

grammar school and the college of the Pacific, entered Stanford University at Palo Alto

with the pioneer class of 1891, from which he was graduated with a degree of Bachelor

of Science in Civil Engineering in 189S. He was married in 1902 to Miss Martha Sims

of Red Bluff, Calif., and is survived by her and by their daughter, Mrs. Audrey

Kirkbride Tucker.

Walter Harold Kirkbride

Mr. Kirkbride began his engineering career as a United States deputy mineral

surveyor, but soon identified himself with railroad construction in the capacity of

assistant chief engineer on the location and construction of the Sierra Railway of

California from Oakdale to Jamestown, Sonora, Tuolumne and Angel's Camp, and later

was chief of the field party of the Shasta Mineral Belt Railway survey from Anderson

to Alturas, Calif.

He became associated with the Southern Pacific Company in 1902 and advanced

through various engineering positions to assistant superintendent of the Sacramento

division with headquarters at Sacramento, Calif., remaining there until 1918, when he

was appointed chief engineer of the Pacific Lines of the Southern Pacific for the United

States Railroad Administration during World War I. On the return of the railroads
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to their owners after the war, Mr. Kirkbride served as engineer maintenance of way and

structures until 1932, when he was appointed chief engineer. He was also chief engineer

of the Northwestern Pacific Railroad and the San Diego & Arizona Eastern Railway,

subsidiaries of the Southern Pacific Company. He retired on January 31, 1944, at the

age of 70, after 42 years of service with the Southern Pacifk.

As chief engineer of the Southern Pacific, Mr. Kirkbride had general supervision of

nearly 9,000 miles of railroad in seven western states and participated in much of the

railroad development that has occurred in those states during the past 40 years.

Between 1918 and 1944 he supervised the expenditure of approximately $1,000,000,000

for maintenance of track and roadway structures and for additions and betterments

to railroad facilities.

Among the projects with which he was associated were the new Redding-Delta rail-

road line around Shasta dam, the Martinez-Benicia double-track bridge over the Carquincz

straits, the Los Angeles Union Passenger Terminal, the extensive line change through San

Jose, the line relocation and reconstruction in Southern California after the 1938 floods,

the construction of the 400-ft. span crossing the Colorado river at Yuma, including new

terminal yard tracks at that point and the relocation of the main hne eastward of Yuma,

and bridges over the Sacramento, American, San Joaquin, Rio Grande, Los Angeles,

Santa Ana and other rivers.

Mr. Kirkbride was highly successful in effecting stabihzation of sinking roadbed

by the application of the principles of soil mechanics, notable among such accomplish-

ments being those performed, on the Suisun marshes and the Elkhorn Slough in Calif.,

and on the Lucin cut-off across the Great Salt Lake in Utah. He also introduced the

principle of drain tunnels to correct sliding fills; and in the adaptation of hydraulics

to river control, he personally developed certain types of jetties and other protective

devices which resulted in the permanent protection of the railroad from flood erosion

by rivers and by streams flowing in alluvial soil on steep gradients.

Mr. Kirkbride was consulted by the first group of engineers engaged to study the

problem of the San Francisco Bay bridge crossing and, as the final construction plans

for the San Francisco-Oakland bridge provided for the operation over it of Southern

Pacific electric line trains, he took a prominent part in the studies relating to the bridge

terminals and in the construction problems affecting the substructure. He was also on

the committee appointed by the Governor of California to make a preliminary investiga-

tion of the Central Valley water project, culminating in adoption of the site of the

Shasta dam and its ultimate construction.

During his years of railroading, Mr. Kirkbride was responsible for the development

of many railroad devices, including the rail gage plate used as a .standard on the Southern

Pacific to protect ties from mechanical wear and to prevent spread track. He prepared

numerous papers on engineering and construction subjects and was recipient of the

ASCE Fitch Rowland prize for the best paper submitted on a construction project in

1936, namely, his paper on the Martinez-Benicia bridge. He was chairman of the

standardizing committee of the Southern Pacific Lines.

Mr. Kirkbride conceived the idea for the monument erected at Sacramento station

for Theodore D. Judah, the first chief engineer of the pioneer Central Pacific (now

Southern Pacific), this memorial and the mural placed in the Sacramento station show-

ing the "Driving of the Last Spike" being financed by voluntary subscriptions from

Southern Pacific personnel.

Mr. Kirkbride became a member of the AREA in 191S and served as a director

from 1925 to 1928. He was a member of the Committee on Rail from 1933 to 1944.
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He also held membership in the American Wood-Preservers' Association, the Commercial

and Commonwealth Clubs (San Francisco), the Pacific Railway Club (past-president)

the California Historical Society, the Seismological Society of America (president) and

the American Society of Civil Engineers (past-president and director, San Francisco

section). He was a member of California Lodge No. 1, Free and Accepted Masons,

and of the Phi Kappa Psi fraternity.

Recognized as one of the nation's foremost railroad engineers, Mr. Kirkbride was

noted for a thoroughness in his knowledge of the various engineering details encountered

in his daily activities, and for his integrity of purpose and judgment in the solution

of the many intricate problems which were his responsibilty. Possessing a vigorous

mentality and high moral courage, he could set forth his conclusions with forcefulness

and usually carried conviction to those who sought his counsel. He had a pleasing

personality, was modest and unassuming; he was a devoted husband and father; in short

he was a good American. No higher tribute can be paid to any man.

E. E. Mayo, Chairman,

G. W. Harris

Louis Yager

Committee on Memoir.
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